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ADVERTISEMENT. 


The  Committee  appointed  by  the  Royal  Society  to  direct  the  pub- 
lication  of  the  Philosophical  Transactions,  take  this  opportunity  to 
acquaint  the  Public,  that  it  fully  appears,  as  well  from  the  council- 
books  and  journals  of  the  Society,  as  from  repeated  declarations  which 
have  been  made  in  several  former  Transactions,  that  the  printing  of 
them  was  always,  from  time  to  time,  the  single  act  of  the  respective 
Secretaries,  till  the  Forty-seventh  Volume :  the  Society,  as  a  Body, 
never  interesting  themselves  any  further  in  their  publication,  than  by 
occasionally  recommending  the  revival  of  them  to  some  of  their  Se- 
cretaries, when,  from  the  particular  circumstances  of  their  affairs,  the 
Transactions  had  happened  for  any  length  of  time  to  be  intermitted. 
And  this  seems  principally  to  liave  been  done  with  a  view  to  satisfy 
the  Public,  that  their  usual  meetings  were  then  continued,  for  the  im- 
provement of  knowledge,  and  benefit  of  mankind,  the  great  ends  of 
their  first  institution  by  the  Royal  Charters,  and  which  they  have  ever 
since  steadily  pursued. 

But  the  Society  being  of  late  years  greatly  enlarged,  and  their  com- 
munications more  numerous,  it  was  thought  advisable,  that  a  Com- 
mittee of  their  members  should  be  appointed,  to  reconsider  the  papers 
read  before  them,  and  select  out  of  them  such  as  they  should  judge 
most  proper  for  publication  in  the  future  Transactions;  which  was 
accordingly  done  upon  the  26th  of  March,  1752.    And  the  grounds 
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of  their  choice  are,  and  will  continue  to  be,  the  importance  and  sin- 
gularity of  the  subjects,  or  the  advantageous  manner  of  treating  them ; 
without  pretending  to  answer  for  the  certainty  of  the  facts,  or  pro- 
priety of  the  reasonings,  contained  in  the  several  papers  so  published, 
which  must  still  rest  on  the  credit  or  judgment  of  their  respective 
authors. 

It  is  likewise  necessary  on  this  occasion  to  remark,  that  it  is  an  esta- 
blished rule  of  the  Society,  to  which  they  will  always  adhere,  never  to 
give  their  opinion,  as  a  Body,  upon  any  subject,  either  of  Nature  or 
Art,  that  comes  before  them.  And  therefore  the  thanks  which  are 
frequently  proposed  from  the  Chair,  to  be  given  to  the  authors  of  such 
papers  as  are  read  at  their  accustomed  meetings,  or  to  the  persons  through 
whose  hands  they  receive  them,  are  to  be  considered  in  no  other  light 
than  as  a  matter  of  civility,  in  return  for  the  respect  shewn  to  the  So- 
ciety by  those  communications.  The  like  also  is  to  be  said  with  re- 
gard to  the  several  projects,  inventions,  and  curiosities  of  various 
kinds,  which  are  often  exhibited  to  the  Society ;  the  authors  whereof, 
or  those  who  exhibit  them,  frequently  take  the  liberty  to  report,  and 
even  to  certify  in  the  public  news-papers,  that  diey  have  met  widi  the 
highest  applause  and  approbation.  And  therefore  it  is  hoped,  that  no 
regard  will  hereafter  be  paid  to  such  reports  and  public  notices ;  which 
in  some  instances  have  been  too  lightly  credited,  to  the  dishonour  of 
the  Society. 
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TRANSACTIONS. 

I.    The  Croon  ian  Lecture.  On  the  Structure  and  Uses  of  the  Mem- 
brana  Tympani  of  the  Ear.  By  Everard  Home,  Esq.  F.  R.  S. 

Read  November  7,  1799. 

The  subject  of  inquiry  appointed  by  the  Croonian  Institution, 
has  been  greatly  elucidated  at  different  times  by  ingenious  mem- 
bers of  this  learned  Society.  A  large  field,  however,  still  re- 
mains open ;  and,  respecting  future  investigations,  I  shall  have 
occasion  to  offer  a  fresh  proof  of  the  aid  to  be  derived  from 
comparative  anatomy,  m  ascertaining  the  structure  of  parts 
which,  from  their  minuteness  and  situation  in  the  human  body, 
admit  with  much  difficulty  of  being  explored. 

The  principal  object  of  the  present  lecture  is  to  communicate 
a  discovery  of  the  structure  of  the  membrana  tympani ;  which, 
in  some  respects,  affords  a  new  and  very  curious  instance  of 
the  application  of  muscular  action,  and  may  conduce  to  account 
for  certain  phaenomena  in  the  sense  of  hearing,  in  a  more  satis- 
factory manner  than  has  hitherto  been  proposed. 

The  membrana  tympani  has  always  been  considered  as  a 
mdccc.  B  % 
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common  membrane,  which,  by  means  of  muscles  belonging  to 
the  malleus  being  stretched  or  relaxed,  became  fitted,  in  its 
various  degrees  of  tension,  to  convey  the  vast  variety  of  ex- 
ternal sounds  to  the  internal  organ.  Its  shape,  situation,  and 
office,  have  procured  it  the  name  of  drum  of  the  ear ;  and  the 
muscles  of  the  malleus  having  been  deemed  sufficient  for  bra- 
cing and  unbracing  it,  less  attention  was  bestowed  on  the  struc- 
ture of  the  membrane  itself :  to  which  may  be  added,  that  in 
the  human  ear,  and  generally  in  the  ear  of  quadrupeds,  the 
membrane  is  so  extremely  small  and  thin,  and  in  its  situation 
so  peculiarly  confined,  as  not  to  be  got  at  for  inspection  but  with 
much  difficulty. 

The  case  is  different  in  the  elephant,  where  this  membrane 
is  so  very  large,  that  the  parts  of  which  it  is  composed  are 
readily  distinguished :  they  are  even  conspicuous  to  the  naked 
eye ;  and  muscular  fibres  are  seen  passing  along  the  membrane, 
in  a  radiated  manner,  from  the  bony  rim  which  surrounds  it, 
towards  the  handle  of  the  malleus,  to  which  the  central  part  of 
the  membrane  is  firmly  attached. 

This  discovery  in  the  elephant  having  led  to  that  of  a  simi- 
lar construction  in  the  human  membrana  tympani,  it  may  not 
be  improper  to  relate  the  circumstances  by  which  I  became 
engaged  in  the  investigation  of  the  organ  of  hearing  in  that 
animal. 

Three  different  opportunities  have  occurred  of  dissecting  the 
elephant  in  London,  by  the  deaths  of  those  which  had  been 
presented  to  his  Majesty,  and  were  kept  at  the  King's  stables 
at  Pimlico.  One  of  them  was  given  to  the  late  Dr.  Hunter  ; 
one  to  his  brother  Mr.  J.  Hunter  ;  and  the  third  to  Sir  Asiiton 
Lever. 
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From  my  being  connected  with  Mr.  John  Hunter's  pursuits 
in  comparative  anatomy,  I  was  employed  throughout  the  whole 
of  these  dissections,  and  became  extremely  desirous  of  exami- 
ning the  internal  parts  of  the  ear,  the  structure  of  that  organ  in 
the  human  body  having  at  a  very  early  period  particularly  en- 
gaged my  attention  ;*  but  neither  Dr.  Hunter  nor  his  brother 
could  be  prevailed  upon  to  sacrifice  so  large  a  portion  of  the 
skull  as  was  necessary  for  the  purpose. 

When  Mr.  Corse  arrived  from  Bengal,  last  year,  and  men- 
tioned his  having  brought  over  a  number  of  skulls  of  elephants, 
in  order  to  show  the  progress  of  the  formation  of  their  grind- 
ing teeth, -j-  the  desire  to  examine  the  organ  of  hearing  in  that 
animal  recurred  to  me  so  strongly,  that  I  requested  to  have  one 
of  the  skulls  for  that  purpose,  and  Mr.  Corse  very  readily  and 
obligingly  complied  with  my  request. 

After  having  examined  the  organ  in  the  dried  skull,  the  want 
of  the  membrana  tympani,  and  of  the  small  bones,  made  the 
information  thus  received  of  a  very  unsatisfactory  nature,  and 
increased  the  desire  of  seeing  these  parts  in  the  recent  head.  In 
considering  how  this  could  be  done,  I  recollected  a  mutilated 
elephant's  head,  preserved  in  spirits,  which  had  been  sent  to 

•  In  the  year  1776,  I  injected  the  cochlea  and  semicircular  canals  of  the  human  ear 
with  a  composition  of  wax  and  rosin.  This  was  done  by  placing  the  temporal  bone  in 
the  receiver  of  an  air  pump,  the  upper  part  of  which  was  in  the  form  of  a  funnel,  \  or- 
dered air-tight  by  a  cork  being  fitted  into  its  neck,  and  surrounded  with  bees'  wax. 
After  the  air  had  been  exhausted,  the  hot  injection,  poured  into  the  runnel,  melted  the 
wax,  and  the  cork  was  pulled  out  by  means  of  a  string  previously  attached  to  it ;  the 
injection  immediately  rushed  into  the  receiver,  and  was  forced,  by  the  pressure  of  the 
atmosphere,  into  the  cavities  of  the  temporal  bone. 

f  On  this  subject,  a  very  ingenious  paper  has  been  since  published  by  him,  in  the 
Philosophical  Transactions  for  the  year  1799. 
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Mr.  Hunter,  but,  from  the  multiplicity  of  his  engagements, 
had  remained  neglected  in  the  cask  at  the  time  of  his  death,  and 
in  the  following  year  was  dried,  to  show  the  proboscis,  that  it 
might  not  be  altogether  spoiled. 

Upon  examining  this  dried  head,  the  bones  had  been  so  much 
broken,  that  one  of  the  organs  of  hearing  was  altogether  want- 
ing :  the  other,  however,  was  fortunately  entire ;  and  the  mem- 
brana  tympani  and  small  bones,  having  been  little  disturbed  in 
the  drying  of  the  parts,  remained  nearly  in  their  natural  situation. 

The  membrana  tympani,  and  every  other  part  of  the  organ, 
were  found  to  be  much  larger  in  proportion  than  in  other  qua- 
drupeds, or  in  man ;  differing  in  this  respect  from  the  eye  of 
the  elephant,  which  is  unusually  small,  when  compared  with 
the  enormous  bulk  of  the  animal. 

The  membrane  was  found  of  an  oval  form ;  the  short  dia- 
meter of  the  oval  rather  more  than  an  inch  in  length ;  the  long 
diameter  an  inch  and  ^ths. 

In  the  human  ear,  the  membrana  tympani  is  nearly  circular; 
the  longest  diameter  is  ^ths  of  an  inch ;  the  shortest  ^ths. 

As  the  membrane  in  the  elephant  exceeds  that  of  the  human 
ear  in  thickness  as  much  as  in  extent,  which  is  as  the  squares 
of  their  diameters,  or  in  the  proportion  of  135  to  14,  it  is  natu- 
ral to  conclude  that  the  muscular  fibres  which  are  to  stretch  the 
one,  must  greatly  exceed  in  strength  those  capable  of  producing 
the  same  degree  of  tension  in  the  other. 

From  this  statement,  the  muscular  structure  in  the  human 
membrana  tympani  will  necessarily  be  so  much  less  distinct 
than  in  the  elephant,  as  scarcely  to  be  visible  to  the  naked  eye, 
and  will  easily  be  overlooked  by  the  most  attentive  observer, 
who  is  not  directed  by  some  previous  information  to  examine 
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it  under  the  most  favourable  circumstances;  but,  when  these 
are  attended  to,  it  can  be  perceived  without  the  aid  of  glasses. 

If  the  membrana  tympani  of  the  human  ear  is  completely 
exposed  on  both  sides,  by  removing  the  contiguous  parts,  and 
the  cuticular  covering  is  carefully  washed  off  from  its  external 
surface,  then,  by  placing  it  in  a  clear  light,  the  radiated  direc- 
tion of  its  fibres  may  be  easily  detected.  If  a  common  magnify- 
ing glass  is  used,  they  are  rendered  nearly  as  distinct  as  those 
of  the  elephant  appear  to  the  naked  eye ;  their  course  is  exactly 
the  same ;  and  they  differ  in  nothing  but  in  being  formed  upon 
a  smaller  scale. 

When  viewed  in  a  microscope  magnifying  23  times,  the 
•muscular  fibres  are  beautifully  conspicuous,  and  appear  uni- 
formly the  same  throughout  the  whole  surface,  there  being  no 
central  tendons,  as  in  the  diaphragm ;  the  muscular  fibres  ap- 
pear only  to  form  the  internal  layer  of  the  membrane,  and  are 
most  distinctly  seen  when  viewed  on  that  side. 

In  examining  this  membrane  in  different  subjects,  the  parts 
were  frequently  found  in  a  more  or  less  morbid  state.  In  one 
instance,  the  membrane  was  found  loaded  with  blood-vessels, 
was  less  transparent  than  usual,  and  was  united  by  close  adhe- 
sion to  the  point  of  the  long  process  of  the  incus.  In  another 
instance,  there  was  a  preternatural  ossification  adhering  to  it,  at 
a  small  distance  from  the  end  of  the  handle  of  the  malleus. 

As  muscles  in  general  are  supplied  with  blood-vessels  in  pro- 
portion to  the  frequency  of  their  action,  it  is  an  object  of  im- 
portance to  determine  the  vascularity  of  the  membrana  tympani. 
Upon  this  subject,  my  own  want  of  information  has  been  amply 
supplied  by  Dr.  Baillie,  who,  in  a  communication  upon  this 
subject,  showed  me  a  preparation  of  the  membrane,  in  wliich 
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the  vessels  had  been  most  successfully  injected  with  coloured 
wax. 

In  this  preparation,  the  most  beautiful  of  the  kind  I  ever  saw, 
the  vessels  in  their  distribution  resembled  those  of  the  iris,  and 
were  nearly  half  as  numerous :  they  anastomosed  with  one  an- 
other in  a  similar  manner,  and  their  general  direction  was  from 
the  circumference  to  the  handle  of  the  malleus ;  from  near  this 
handle,  a  small  trunk  sent  off  branches,  in  a  radiated  manner, 
which  anastomosed  with  those  which  had  an  opposite  course. 

This  correspondence,  in  the  number  and  distribution  of  blood- 
vessels, between  the  membrana  tympani  and  the  iris,  is  a  strong 
circumstance  in  confirmation  of  that  membrane  being  endowed 
with  muscular  action. 

In  the  horse,  the  membrana  tympani  is  smaller  than  in  man ; 
its  long  diameter  is  ^ths  of  an  inch ;  the  short  one  ^ths ;  and 
it  is  almost  quite  flat,  while  in  man  it  is  concave,  which  makes 
the  difference  of  extent  considerably  exceed  the  difference  in  the 
diameters.  In  the  horse,  the  fibrous  structure  is  not  visible  to 
the  naked  eye ;  it  is  even  indistinctly  seen  when  viewed  through 
a  common  magnifying  glass ;  but  in  a  microscope  it  is  very 
visible,  and  in  every  other  respect  agrees  in  structure  with  the 
membrane  in  the  human  ear,  and  in  that  of  the  elephant. 

In  birds,  the  membrana  tympani  is  larger  in  proportion  than 
in  the  quadruped,  and  more  circular  in  its  shape. 

In  the  goose,  it  is  ^ths  of  an  inch  in  its  longest  diameter,  and 
-^ths  in  its  shortest  diameter.  In  the  turkey,  ^5ths  by  -^ths. 
It  is  thinner  in  its  coats  in  birds  than  in  the  horse,  and  to  the 
naked  eye  has  no  appearance  of  fibres ;  but,  when  viewed  in  a 
jnicroscope,  there  is  a  visible  radiated  structure,  not  very  unlike 
the  wire  marks  upon  common  writing  paper. 
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In  a  former  Lecture  upon  the  Structure  of  Muscles,*  in 
which  a  comprehensive  view  was  taken  of  the  subject,  it  was 
stated,  that  the  organization  necessary  for  muscular  contraction 
could  exist  in  an  apparent  membrane,  and  that  a  fasciculated 
structure  was  only  necessary  when  muscular  action  was  to  be 
enabled  to  overcome  resistance.  The  coats  of  the  Taenia  hydati- 
gena  were  mentioned  as  an  instance  of  the  first;  and  the  human 
heart  as  the  most  complex  of  the  second.  In  comparing  the 
membranae  tympani  of  different  animals,  they  afford  a  beautiful 
illustration  of  the  truth  of  this  position. 

In  birds,  where  from  the  smallness  of  its  size  the  resist- 
ance is  very  trifling,  the  membrane  is  very  similar  to  the  coat 
of  an  hydatid,  only  still  thinner.  In  the  elephant,  fibres  form- 
ing fasciculi  are  very  distinct.  The  membrane  of  the  horse, 
and  that  of  the  human  ear,  form  the  intermediate  gradations. 

The  knowledge  of  a  muscular  structure  in  the  membrana 
tympani,  enables  us  to  explain  many  phenomena  in  hearing, 
which  have  not  hitherto  been  accounted  for  in  a  satisfactory 
manner.  It  is  principally  by  means  of  this  muscle  that  accu- 
rate perceptions  of  sound  are  communicated  to  the  internal  or- 
gan, and  that  the  membrana  tympani  is  enabled  to  vary  the 
state  of  its  tension,  so  as  to  receive  them  in  the  quick  succession 
in  which  they  are  conveyed  to  it. 

In  the  human  ear,  and  in  that  of  birds,  the  radiated  fibres  of 
the  membrana  tympani  have  their  principal  attachment  to  the 
extremity  of  the  handle  of  the  malleus,  which  is  nearly  in  the 
centre  of  the  membrane. 

In  the  membrane  of  the  elephant,  which  is  oval,  the  attach- 
ment to  the  handle  of  the  malleus  is  at  some  distance  from  the 
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centre.  In  the  horse,  deer,  and  cat,  which  have  the  membrane 
still  more  oval  than  the  elephant,  the  handle  of  the  malleus  is 
situated  in  the  long  axis  of  the  membrane,  with  its  extremity 
extending  beyond  the  centre,  reaching  nearer  to  the  circumfe- 
rence ;  and  the  fibres  of  the  radiated  muscle  are  not  only  at- 
tached to  its  end,  but  also  laterally  to  nearly  the  whole  length 
of  its  handle. 

This  oval  form  of  the  membrana  tympani,  in  those  quadrupeds, 
and  the  very  extensive  attachment  of  the  fibres  of  the  radiated 
muscle  to  the  handle  of  the  malleus,  may  be  the  reason  why 
their  ears  are  not  equally  fitted  to  hear  inarticulate  sounds,  as 
the  ears  of  birds  and  of  man. 

Should  this  radiated  muscle  of  the  membrana  tympani  (which 
is  probably  the  smallest  in  the  body  that  has  a  distinct  action) 
be  thought  too  insignificant  to  have  an  office  of  so  much  con- 
sequence assigned  to  it,  let  it  be  remembered,  that  the  size  of 
muscles  is  no  indication  of  their  importance,  but  only  of  the 
resistance  to  be  overcome  by  their  action ;  and  that  the  more 
delicate  actions  are  performed  universally  in  the  body  by  very 
small  muscles,  of  which  the  iris  in  the  eye  furnishes  a  very  con- 
spicuous example. 

Before  the  mode  in  which  the  radiated  muscle  adapts  the 
membrana  tympani  to  different  sounds  can  be  explained,  it  is 
necessary  that  the  more  important  parts  of  the  organ  should  be 
enumerated,  and  the  use  commonly  assigned  to  each  of  them 
pointed  out. 

In  man  and  the  more  perfect  quadrupeds,  this  organ  consists 
of  the  following  parts:  the  membrana  tympani,  situated  be- 
tween the  external  passage  and  the  cavity  of  the  tympanum ; 
four  small  bones,  which  form  a  chain  across  the  tympanum, 
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connecting  the  membrana  tympani  with  another  membrane 
lining  the  foramen  ovale,  which  opens  into  the  vestibulum,  a 
more  internal  part  of  the  organ  of  hearing. 

The  bones  are,  the  malleus,  which  is  united  to  the  membrana 
tympani  by  a  portion  of  its  handle,  and  to  the  second  bone  or 
incus  by  its  head.  The  incus,  which  is  connected  to  the  mal- 
leus by  a  capsular  ligament,  forming  a  regular  joint,  the  sur- 
faces of  the  bones  being  covered  with  cartilage,  but  they  have 
only  a  tremulous  motion  on  one  another.  The  incus  is  also 
attached  to  the  side  of  the  cavity  of  the  tympanum,  where  the 
mastoid  cells  open,  by  a  ligament  on  which  it  moves  back- 
wards and  forwards :  it  is  united  by  its  long  process  to  the 
orbicular  bone,  which  is  the  smallest  in  the  body,  and  connects 
the  incus  to  the  fourth  bone  or  stapes,  which  has  its  base  ap- 
plied to  the  foramen  ovale,  or  opening  leading  into  the  cavity  of 
the  vestibulum. 

The  cavity  of  the  tympanum,  in  which  these  bones  are  si- 
tuated, communicates  with  the  external  air  by  means  of  the 
Eustachian  tube,  so  that  there  is  always  air  behind  the  mem- 
brana tympani. 

The  malleus  has  three  muscles,  by  which  it  is  moved ;  one 
of  them  is  called  the  tensor,  from  its  pulling  the  malleus  in- 
wards, and  tightening  the  membrana  tympani :  the  other  two 
act  in  an  opposite  direction,  and  relax  the  membrane ;  the  lar- 
gest of  these  is  called  the  obliquus,  and  is  the  antagonist  of  the 
tensor  muscle ;  the  other  is  very  small,  and  is  called  the  laxator. 

The  stapes  has  one  muscle,  which  acts  upon  it  by  bringing 
its  basis  closer  to  the  foramen  ovale. 

The  vestibulum,  which  is  completely  separated  from  the 
tympanum,  by  the  membrane  that  lines  the  foramen  ovale,  com- 
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municates  freely  with  the  cochlea  and  semicircular  canals ;  but 
these  cavities  are  filled  with  a  watery  liquor,  and  have  no  com- 
munication (as  the  tympanum  has)  with  the  external  air. 

This  fact  was  ascertained  in  the  horse,  by  the  following  ex- 
periment, repeated  several  times.  The  organ  of  hearing  was 
separated  from  the  skull  immediately  after  death,  and  the  ca- 
vity of  the  tympanum  exposed;  the  parts  were  then  immersed 
in  water,  and  the  stapes  removed  ;  by  wnich  means,  the  mem- 
brane of  the  foramen  ovale  was  destroyed,  but  no  globule  of 
air  was  seen  to  escape  through  the  water.* 

The  following  uses  liave  generally  been  assigned  to  the  parts 
now  mentioned. 

The  membrana  tympani  was  supposed  to  be  adapted  to  re- 
ceive impressions,  by  the  combined  action  of  the  tensor  and 
laxator  muscles  varying  the  degree  of  its  tension,  so  as  to  bring 
it  in  unison  with  different  sounds  :  these  impressions  were  con- 
ducted, by  the  chain  of  bones,  to  the  vestibulum,  cochlea,  and 
semicircular  canals  ;  in  which  cavities,  particularly  the  cochlea, 
they  were  supposed  to  undergo  some  modification,  before  they 
were  impressed  upon  the  nerves  spread  upon  the  linings  of 
these  cavities. 

The  function  of  modifying  impressions  of  sound  was  assign- 
ed to  the  cochlea,  partly  from  the  delicacy  of  its  internal  struc- 
ture, supposed  to  resemble  a  musical  instrument,  and  partly 
from  there  being  no  other  part  of  the  organ  apparently  suited 
for  repeating  the  variety  of  delicate  sounds  which  pass  into  the 
ear :  the  changes  that  could  be  produced  upon  the  membrana 

•  This  experiment  was  made  by  Mr.  Clift,  who  superintends  Mr.  Ho  nter's  col- 
lection, and  who  has  afforded  me  material  assistance  in  the  different  parts  of  this 
investigation. 
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tympani  by  the  muscles  of  the  malleus,  being  considered  as  in- 
capable of  answering  that  purpose. 

This  slight  sketch  of  the  organ  of  hearing,  and  of  the  uses, 
as  they  are  generally  understood,  of  the  different  parts,  will 
enable  me  to  point  out,  with  more  clearness,  what  parts  of  the 
theory  appear  defective,  and  what  improvements  may  be  made 
on  it. 

It  is  true  that  the  membrana  tympani  is  stretched  and  re- 
laxed by  the  action  of  the  muscles  of  the  malleus,  but  not  for 
the  purpose  alleged  in  the  commonly  received  theory.  It  is 
stretched,  in  order  to  bring  the  radiated  muscle  of  the  membrane 
itself  into  a  state  capable  of  acting,  and  of  giving  those  diffe- 
rent degrees  of  tension  to  the  membrane  which  empower  it  to 
correspond  with  the  variety  of  external  tremors:  when  the 
membrane  is  relaxed,  the  radiated  muscle  cannot  act  with  any 
effect,  and  external  tremors  make  less  accurate  impressions. 

The  membrana  tympani,  with  its  tensor  and  radiated  muscles, 
may  be  not  unaptly  compared  to  a  monochord,  of  which  the 
membrana  tympani  is  the  string;  the  tensor  muscle  the  screw, 
giving  the  necessary  tension  to  make  the  string  perform  its 
proper  scale  of  vibrations ;  and  the  radiated  muscle  acting  upon 
the  membrane  like  the  moveable  bridge  of  the  monochord,  ad- 
justing it  to  the  vibrations  required  to  be  produced.  The  com- 
bined effects  of  the  action  of  these  muscles  give  the  perceptions 
of  grave  and  acute  tones ;  and,  in  proportion  as  their  original 
conformation  is  more  or  less  perfect,  so  will  their  actions  be, 
and,  consequently,  the  perceptions  of  sound  which  they  com- 
municate. 

This  mode  of  subdividing  the  motions  of  the  membrana 
tympani  between  two  sets  of  muscles,  allotting  a  portion  to 
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each,  is  not  peculiar  to  this  part.  A  remarkable  instance  of  it 
appears  in  the  rapid  movements  of  the  fingers,  in  performing 
several  actions,  and  particularly  in  playing  on  a  musical  instru- 
ment. In  all  such  rapid  motions,  the  ringers  are  bent  to  a 
certain  degree  by  the  long  muscles  that  lie  upon  the  fore-arm, 
to  the  tendons  of  which  a  set  of  smaller  muscles  are  attached, 
called  lumbricales.  These  last  are  unable  to  produce  any  effect 
on  the  fingers,  till  elongated  in  consequence  of  the  action  of 
the  long  muscles  in  bending  the  other  joints;  the  lumbricales 
then  become  capable  of  bending  the  fingers  a  little  more,  and 
of  acting  with  great  rapidity.  It  is  a  Curious  circumstance, 
that  a  similar  application  of  muscles  should  be  employed  to  fit 
the  fingers  to  produce  a  quick  succession  of  sounds,  and  to 
enable  the  ear  to  be  impressed  by  them. 

From  the  explanation  given  of  the  adjustment  of  the  mem- 
brana  tympani,  the  difference  between  a  musical  ear  and  one 
which  is  too  imperfect  to  distinguish  the  different  notes  in 
music,  will  appear  to  arise  entirely  from  the  greater  or  less  nicety 
with  which  the  muscle  of  the  malleus  renders  the  membrane 
capable  of  being  truly  adjusted.  If  the  tension  be  perfect,  all 
the  variations  produced  by  the  action  of  the  radiated  muscle 
will  be  equally  correct,  and  the  ear  truly  musical ;  but,  if  the 
first  adjustment  is  imperfect,  although  the  actions  of  the  ra- 
diated muscle  may  still  produce  infinite  variations,  none  of  them 
will  be  correct :  the  effect,  in  this  respect,  will  be  similar  to  that 
produced  by  playing  upon  a  musical  instrument  which  is  not  in 
tune.  The  hearing  of  articulate  sounds  requires  less  nicety  in 
the  adjustment,  than  of  inarticulate  or  musical  ones :  an  ear 
may  therefore  be  able  to  perceive  the  one,  although  it  is  not 
fitted  to  receive  distinct  perceptions  from  the  other. 
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The  nicety  or  correctness  of  .a  musical  ear  being  the  result 
of  muscular  action,  renders  it,  in  part,  an  acquirement;  for, 
although  the  original  formation  of  these  muscles  in  some  ears 
renders  them  more  capable  of  arriving  at  this  perfection  in  their 
action,  early  cultivation  is  still  necessary  for  that  purpose ;  and 
it  is  found  that  an  ear,  which  upon  the  first  trials  seemed  unfit 
to  receive  accurate  perceptions  of  sounds,  shall,  by  early  and 
constant  application,  be  rendered  tolerably  correct,  but  never 
can  attain  excellence.  There  are  organs  of  hearing  in  which 
the  parts  are  so  nicely  adjusted  to  one  another,  as  to  render 
them  capable  of  a  degree  of  correctness  in  hearing  sounds 
which  appears  preternatural. 

Children  who  during  their  infancy  are  much  in  the  society 
of  musical  performers,  will  be  naturally  induced  to  attend  more 
to  inarticulate  sounds  than  articulate  ones,  and  by  these  means 
acquire  a  correct  ear,  which,  after  listening  for  two  or  three 
years  to  articulate  sounds  only,  would  have  been  attained  with 
more  difficulty. 

Tliis  mode  of  adapting  the  ear  to  different  sounds,  appears 
to  be  one  of  the  most  beautiful  applications  of  muscles  in  the 
body ;  the  mechanism  is  so  simple,  and  the  variety  of  effects  so 
great. 

Several  ways  in  which  the  correctness  of  hearing  is  affected 
by  the  wrong  actions  of  the  muscles  of  the  tympanum,  that 
appeared  to  be  inexplicable,  can  be  readily  accounted  for,  now 
that  the  means  by  which  the  membrane  adjusts  itself  are  un- 
derstood.   The  following  are  instances  of  this  kind. 

Case  1.  A  gentleman  thirty-three  years  of  age,  who  possess- 
ed a  very  correct  ear,  so  as  to  be  capable  of  singing  in  concert, 
though  he  had  never  learned  music,  was  suddenly  seized  with  a 
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giddiness  in  the  head,  and  a  slight  degree  of  numbness  in  the  right 
side  and  arm.  These  feelings  went  off  in  a  few  hours,  but  on 
the  third  day  returned,  and  for  several  weeks  he  had  returns  of 
the  same  sensations.  It  was  soon  discovered  that  he  had  lost 
his  musical  ear ;  he  could  neither  sing  a  note  in  tune,  nor  in  the 
smallest  degree  perceive  harmony  in  the  performance  of  others. 
For  some  time  he  himself  thought  he  had  become  a  little  deaf, 
but  his  medical  attendant  was  not  sensible  of  that  in  conversa- 
tion. Upon  going  into  the  country,  he  derived  great  benefit 
from  exercise  and  sea-bathing. 

Twenty  months  after  the  first  attack,  he  was  capable  of  sing- 
ing a  Scotch  air  with  tolerable  exactness,  though  he  could  not 
sing  in  concert.  He  continued  to  improve  in  his  health,  and 
in  the  course  of  two  or  three  years  completely  recovered  his  ear 
for  music. 

In  this  case,  there  appeared  to  be  some  affection  of  the  brain, 
which  had  diminished  the  actions  of  the  tensor  muscles  of  the 
membranse  tympani,  through  the  medium  of  the  nerves  which 
regulate  their  actions ;  this  gradually  went  off,  and  the  muscles 
recovered  their  former  action. 

Case  2.  A  young  lady  was  seized  with  a  frenzy  which  last- 
ed for  several  years.  Previous  to  her  derangement,  she  was 
incapable  of  singing  in  tune,  from  the  want  of  an  ear  for 
music ;  but  in  the  course  of  her  madness  she  frequently,  to  the 
astonishment  of  her  relations,  sung  a  tune  with  tolerable  cor- 
rectness. 

This  case  is  the  reverse  of  the  former ;  and,  as  it  arose  from  a 
directly  contrary  affection  of  the  brain,  may  be  considered  as  the 
result  of  an  unusual  degree  of  action  in  the  tensor  muscles,  giv- 
ing the  membrane  a  more  correct  adjustment  than  it  had  before. 
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Case  3.  An  eminent  music  master,  after  catching  cold,  found 
a  confusion  of  sounds  in  his  ears.  Upon  strict  attention,  he  dis- 
covered that  the  pitch  of  one  ear  was  half  a  note  lower  than  that 
of  the  other ;  and  that  the  perception  of  a  simple  sound  did  not 
reach  both  ears  at  the  same  instant,  but  seemed  as  two  distinct 
sounds,  following  each  other  in  quick  succession,  the  last  being 
the  lowest  and  weakest.  This  complaint  distressed  him  for 
a  long  time,  but  he  recovered  from  it  without  any  medical 
aid. 

In  this  case,  the  whole  defect  appears  to  have  been  in  the 
action  of  the  radiated  muscle,  exerted  neither  with  the  same 
quickness  nor  force  in  one  ear  as  in  the  other,  so  that  the  sound 
was  half  a  note  too  low,  as  well  as  later  in  being  impressed 
upon  the  organ. 

This  affection  of  the  muscle  of  the  membrana  tympani  is 
very  similar  to  an  affection  of  the  straight  muscles  of  one  of 
the  eyes,  producing  double  vision,  which  I  have  noticed  in  a 
former  lecture,  when  treating  of  the  wrong  actions  of  that 
organ.* 

In  endeavouring  to  explain  the  uses  of  the  more  internal  parts 
of  the  ear,  considerable  advantage  may  be  derived  from  class- 
ing them  in  two  divisions ;  namely,  those  which  are  formed  for 
the  purpose  of  receiving  impressions  conveyed  through  the  me- 
dium of  liquid  or  of  solid  substances  ;  and  those  adapted  to  re- 
ceive impressions  made  by  the  impulses  of  an  elastic  fluid,  as 
the  common  air. 

This  can  be  done  very  correctly.  Fish,  which  are  formed  to 
hear  in  water,  can  have  only  the  parts  belonging  to  the  first 
division;  while  all  the  parts  found  in  the  ears  of  birds  and 

•  Vide  Philosophical  Transactions  for  the  year  1797. 
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quadrupeds,  that  are  not  met  with  in  fish,  must  belong  to  the 
second. 

In  fish,  the  organ  consists  of  a  vestibulum  and  three  semi- 
circular canals,  and  these  are  met  with  in  all  fish.  In  some 
genera  there  is  an  extenial  opening,  and  substances  of  a  hard 
nature  are  found  lying  loose  in  the  vestibulum  :  these,  how- 
ever, cannot  be  considered  as  essential  parts  of  the  organ,  from 
their  not  being  common  to  fish  in  general. 

Birds  have  the  vestibulum  and  semicircular  canals  in  com- 
mon with  fish,  but  they  have  also  a  membrana  tympani ;  a 
slender  bone  connecting  that  membrane  with  the  vestibulum ; 
and  an  Eustachian  tube.  In  birds,  the  membrana  tympani  is 
convex  externally,  being  pushed  forwards  by  the  end  of  the 
slender  bone  abovementioned. 

In  quadrupeds  and  man,  besides  the  vestibulum  and  canals 
met  with  in  fish,  the  membrana  tympani,  the  bone  connecting 
it  with  the  vestibulum,  and  the  Eustachian  tube,  found  in  birds, 
there  is  a  cochlea.  The  membrana  tympani  is  either  flat  or 
concave  externally;  the  bony  connection  between  it  and  the 
vestibulum  is  made  up  of  several  bones,  supplied  with  muscles 
to  move  them  in  different  directions. 

The  parts  which  compose  the  organ  of  hearing  in  fish,  must 
be  intended  for  receiving  impressions  conveyed  through  water: 
those  additional  parts  met  with  in  birds,  and  the  still  greater 
additions  which  are  found  in  the  quadruped  and  man,  must  be 
intended  by  nature  for  rendering  more  perfect  the  impressions 
conveyed  to  the  ear  through  the  medium  of  the  external  air. 

Fish,  from  the  structure  of  the  organ,  can  only  hear  sounds 
which  agitate  the  water  immediately  in  contact  with  the  head 
of  the  fish;  so  that  the  impulse  is  conveyed,  without  inter- 
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ruption,  from  the  liquid  in  which  they  live,  to  the  organ  of 
hearing. 

Man  is  capable  of  hearing  in  a  similar  manner  to  fishes,  when 
a  communication  of  solid  parts  is  kept  up  between  the  sounding 
body  and  the  bones  of  the  skull :  experiments  of  this  kind  must 
have  been  made  by  many  members  of  this  learned  Society. 

One  of  the  most  common  is,  applying  a  watch  to  the  fore- 
head, and  stopping  the  ears,  which  does  not  prevent  the  ticking 
from  being  heard :  the  sound  is  still  more  distinct  when  the 
watch  is  applied  to  the  mastoid  process.  Here,  as  the  sound 
can  neither  pass  through  the  meatus  externus,  nor  by  the  Eus- 
tachian tube,  while  the  mouth  is  kept  shut,  it  evidently  must 
be  conducted  through  the  bones  of  the  skull. 

When  the  sound  produced  by  boiling  water  is  brought  to  the 
ear,  by  one  end  of  an  iron  rod  resting  upon  the  side  of  the  kettle 
and  the  other  kept  in  contact  with  the  teeth,  the  sound  is  con- 
ducted in  the  same  way,  although  in  this  case  it  has  by  some 
been  supposed  to  pass  through  the  Eustachian  tube. 

In  this  mode  of  hearing,  the  vestibulum  and  semicircular 
canals  are  probably  the  only  parts  of  the  organ  which  are  ne- 
cessary to  convey  the  impression  to  the  expansion  of  the  audi- 
tory nerve. 

In  hearing  in  air,  the  use  of  the  membrana  tympani  in  man 
and  quadrupeds  has  already  been  explained.  Its  office  in 
birds  is  precisely  the  same ;  but  as  in  birds  this  membrane  has 
no  tensor  muscle  to  vary  its  adjustment,  but  is  always  kept 
tense  by  the  pressure  of  the  end  of  the  slender  bone,  the  scale 
in  birds  cannot  descend  so  low  as  in  the  human  ear ;  and  the 
intervals  in  their  scale  will  be  more  minute,  in  consequence  of 
the  slightest  tremor  communicated  by  the  action  of  the  radiated 
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muscle  to  one  end  of  the  slender  bone  being  immediately  con- 
ducted to  the  internal  organ ;  while  in  the  human  ear  it  has  to 
pass  from  one  bone  to  another,  before  it  arrives  at  the  vestibu- 
lum. 

The  cochlea  has  been  considered  by  all  physiologists  as  one 
of  the  most  intricate  and  curious  parts  of  the  ear,  and  on  that 
account  had  a  most  important  office  assigned  to  it.  This,  how- 
ever, is  now  to  be  transferred  to  the  membrana  tympani ;  and, 
upon  attentive  consideration  of  the  subject,  it  will  appear  im- 
possible for  the  cochlea  to  be  of  any  use  in  modulating  sounds, 
since  the  ear  is  only  intended  to  convey  impressions  received 
from  external  bodies ;  hence,  no  impression  can  be  communi- 
cated to  the  cochlea,  which  has  not  been  transmitted  by  the 
membrana  tympani.  But,  if  all  the  varieties  of  sound  are  re- 
peated by  the  membrana  tympani,  no  modulation  in  the  cochlea 
is  required ;  and,  when  it  is  considered  that  the  cochlea  contains 
water,  instead  of  air,  the  effect  upon  every  part  will  be  found  to 
be  simultaneous. 

That  the  cochlea  is  neither  absolutely  necessary  to  fit  the 
organ  to  be  impressed  by  sounds  communicated  through  air, 
nor  to  render  it  what  is  termed  a  musical  ear,  is  sufficiently 
proved  by  that  part  being  wanting  in  birds,  whose  organ  is  par- 
ticularly adapted  to  inarticulate  sounds.  Some  birds,  particularly 
bulfinches,  can  be  taught  to  sing  various  airs,  although  it  will 
be  always  in  high  notes. 

If  it  should  be  found  that  birds  hear  less  accurately  than 
quadrupeds,  it  will  favour  the  idea  that  the  great  delicacy  of 
structure  of  the  cochlea,  is  intended  to  render  the  nerves  which 
are  spread  upon  it  more  readily  impressed  by  weak  tremors, 
than  those  in  either  the  vestibulum  or  semicircular  canals. 
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The  cochlea  and  semicircular  canals  must  be  considered  as 
two  of  the  most  important  parts  of  the  ear ;  their  peculiar  forms 
are  no  doubt  adapted  to  some  essential  purposes ;  but,  what  are 
the  precise  advantages  derived  from  their  particular  shape,  is  at 
present  unknown.  There  is,  however,  much  ground  to  believe, 
that  a  more  extensive  knowledge  in  comparative  anatomy,  join- 
ed with  future  observations,  may  clear  up  this  very  curious  and 
obscure  part  of  the  physiology  of  the  organ  of  hearing. 

In  the  elephant,  the  small  bones,  the  cochlea,  and  semicircu- 
lar canals,  are  larger  than  those  in  the  human  ear,  nearly  in  the 
same  proportion  with  the  increased  size  of  the  membrana  tym- 
pani. In  that  animal,  there  is  a  very  remarkable  peculiarity ; 
which  is,  a  cellular  structure  occupying  the  upper  and  posterior 
part  of  the  skull,  inclosed  between  the  two  tables,  communi- 
cating by  a  considerable  aperture  with  the  cavity  of  the  tympa- 
num, and  lined  by  a  similar  membrane:  the  cells  commu- 
nicate freely  with  one  another  at  their  lower  extremities,  but 
not  near  the  upper,  forming  irregular  cylinders,  placed  in  a 
converging  direction,  towards  the  cavity  of  the  tympanum. 

There  is  no  middle  bony  septum,  separating  the  cells  of  the 
skull  belonging  to  one  ear  from  those  which  open  into  the 
other,  but  a  ready  communication  between  them. 

On  the  anterior  part  of  the  skull  there  is  also  a  similar  cel- 
lular structure,  only  much  smaller,  which  communicates  with 
the  nose,  but  is  entirely  separate  and  distinct  from  that  which 
forms  an  appendage  to  the  organ  of  hearing. 

That  the  elephant  hears  better  than  other  animals,  is  gene- 
rally asserted  by  those  who  have  had  opportunities  of  making 
observations  on  the  subject.  As  this  opinion  has  been  ad- 
vanced by  men  who  had  no  knowledge  in  anatomy,  and  had 
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no  previous  theory  to  bias  their  judgment,  it  is  deserving  of 
credit.  The  organ  of  hearing  being  now  found  more  perfect, 
and  formed  upon  a  larger  scale  than  in  any  other  animal  with 
which  we  are  acquainted,  considerable  weight  is  given  to  this 
opinion. 

Mr.  Corse,  who  resided  many  years  at  Tiperah,  in  Bengal, 
and  paid  particular  attention  to  the  manners  and  habits  of  ele- 
phants, concurs  in  the  belief  of  their  hearing  being  more  acute 
than  that  of  man.  The  following  circumstances  are  mentioned 
by  him  in  proof  of  it. 

A  tame  elephant,  who  was  never  reconciled  to  have  a  horse 
moving  behind  him,  although  he  expressed  no  uneasiness  if  the 
horse  was  within  his  view,  either  before  or  on  one  side,  could 
distinguish  the  sound  of  a  horse's  foot  at  a  distance,  some  time 
before  any  person  in  company  heard  it :  this  was  known  by  his 
pricking  up  his  ears,  quickening  his  pace,  and  turning  his  head 
from  side  to  side. 

A  tame  female  elephant,  who  had  a  young  one,  was  occa- 
sionally sent  out  with  other  elephants  for  food,  without  the 
young  one  being  allowed  to  follow.  She  was  not  in  the  habit 
of  pining  after  her  young  one,  unless  she  heard  its  voice ;  but 
frequently,  on  the  road  home,  when  no  one  could  distinguish 
any  sound  whatever,  she  pricked  up  her  ears,  and  made  a  noise 
expressive  of  having  heard  the  call  of  her  young.  This  having 
occurred  frequently,  attracted  Mr.  Corse's  notice,  and  made 
him,  at  the  time  the  female  elephant  used  these  expressions, 
stop  the  party,  and  desire  the  gentlemen  to  listen ;  but  they  were 
unable  to  hear  any  thing  till  they  had  approached  nearer  to  the 
place  where  the  young  one  was  kept. 

The  foregoing  observations,  the  object  of  which  lias  been  to 
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prove  that  the  membrana  tympani  of  the  ear  has  a  muscular 
structure,  have  already  exceeded  the  limits  of  a  lecture,  which 
prevents  us  from  going  further  at  present  into  the  considera- 
tion of  this  very  curious  and  important  organ.  The  general 
analogy  between  the  uses  of  its  different  parts  and  those  of  the 
organ  of  vision,  and  the  similar  variations  of  their  actions  when 
under  the  influence  of  disease,  furnish  materials  which,  on 
some  future  occasion,  may  be  laid  before  this  learned  Society. 
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II.  0»  the  Method  of  determining,  from  the  real  Probabilities 
of  Life,  the  Values  of  Contingent  Reversions  in  which  three 
Lives  are  involved  in  the  Survivorship.  By  William  Morgan, 
Esq.  F.  R.  S. 

* 

Read  December  12,  1799. 

ON  SURVIVORSHIPS. 

The  several  papers  which  I  have  had  the  honour  of  communi- 
cating to  the  Royal  Society,  on  the  doctrine  of  contingent  re- 
versions, contain  the  greater  number  of  those  cases  in  which 
three  lives  are  concerned  in  the  survivorship.  With  the  view  of 
completing  this  subject,  I  have  been  induced  to  investigate  the 
remaining  problems ;  and,  having  succeeded  in  the  solution  of 
them,  I  hope  the  following  will  not  be  considered  as  an  impro- 
per addition  to  my  former  communications. 

Being  anxious  to  render  this  paper  as  concise  as  possible,  I 
have  omitted  to  state  at  length  the  different  contingencies  on 
which  the  payment  of  the  given  sum  depends ;  trusting  that, 
from  an  attentive  perusal  of  my  former  demonstrations,  these 
will  appear  to  be  so  plainly  expressed  by  the  several  fractions 
in  each  problem,  as  to  render  a  more  ample  description  of  them 
unnecessary. 

PROBLEM  !. 

To  determine  the  value  of  a  given  sum,  payable  on  the  death 
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of  A  or  B,  should  either  of  them  be  the  first  or  second  that  fails, 
of  the  three  lives,  A,  B,  and  C. 

Solution. 

In  this  case,  the  payment  of  the  given  sum  must  certainly 
take  place  on  the  extinction  of  the  joint  lives  of  A  and  B,  inde- 
pendent of  C,  and  therefore  the  value  of  the  reversion  will  be 

S  .  r  —  1  .  V —  AB  m 
  r  * 

The  fractions  expressing  the  contingencies  on  which  the  pay- 

e    -~ —  - 

ment  of  S  depends,  in  the  1st  year,  are         x  a'.b  —  m.c  —  d 
-f  a',  b  —  m  .  d  -fa',  c  —  d  .  m  -\-b  —  m  .  c  —  d  .  a  —  a'  =. 
a  lc  -  xabc  —mc.  a  — a';  in  the  2d  year  =         x  a",  m  —  n. 
d  —  e  -\-  a" .  m  —  n  .  e  -\-  a"  x  d —  e  .n  -\-  a" .  ne  -\-  m  —  n  . 

d  —  e  .a  ~a'  +  a"  +  m  —  n  .  a  —  a'  -f  a",  e  -f  c  —  d  .n  .a" 

  '■' ■'     _____  ________  s 

+  c  —  d  .  m  —  n  a  —  a'  -f-  a"  +  c—d  .  m  —  n  .  of  =  abcr* 

y.mc .  a  —  a  —  nc.a  —  a'  -f-  a",  and  so  on  in  the  other  years ; 
hence  the  whole  value  is  =  —  x  r  —  1  .  V  —  r  .  AB  -f-  AB  = 

r 

,s-"r-"'  .  V  —  AB,  as  before.  Q.E.D. 

r .  ^ 

PROBLEM  II. 

To  determine  the  value  of  a  given  sum,  payable  on  the 
decease  of  A  or  B,  should  either  of  them  be  the  second  or  third 
that  shall  fail,  of  the  three  lives,  A,  B,  and  C. 

•  The  same  symbols  are  uniformly  retained  in  this,  as  in  my  last  two  papers  on  the 
subject.    See  Phil.  Trans.  Vol.  LXXXI.  page  247- 
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Solution. 

In  the  ist  year,  the  value  of  the  reversion  will  be  into 

in  the  sd  year  it  will  be  abc^  into  a",  m—n .  d  —  e  +  a",  m  —  n 

•  e  H  1  :  h  a',  in  —  n  .  a  —  e  + 

b~-^~m  .  J  —  ^  .  a" «f  c  —  d.m  —'n  .  a"4-  a' .  w  -  w  .  *  -f-  b  —  W 

+  EELfZLf ;  in  the  3d  year  it  will  be         into  a'"  .7=^ 

— 0.— ..-TTgTg  +  — w  ^77-  a,„+  —  j—  a„, 

4-  ?z— 0 ./.  a'+a"  -f  6  —  n ./.  a'"  +       . «  — 0 .  j  —  a'+o"+a'" 

+  c  —  f .  0 .  a'"H  - — I  j  ,  and  so  on. 

These  different  fractions  being  added  together,  will  be  found 

S         b  -  m   .    m  —  n   ,    n  —  o     -  -             S        b  —  m  .  c   ,  m—H.d 
—  T~  X     r     "I       r*      1  ""T3    1  z  6  c  X       "r        I  — 

+ ■  —  O .  *  <»,»  .          S        b  —  m  .  d   .   m  —  n  .  e   .    n  —  o  .f    .     fJ  , 
— — » ~7I7X — ;  1- — —  H — ^-jL+»«.+ 

T  tab*    r     '     r*  ^    r>   T»  —  2(I6C  x    r    T     r*  T 

» < a"     1     r-a  S  m  c  a'     ,     n  d  a*     ,   oeam    .     P*  S 

-7-  -1777  x  —  +  —  +—  -T777 
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o  .<,'+  u'+  a'         „  S         bd         m.d+d'  &       ,  S_ 

T  X      ;      1  ?  r>  2abc  X      r  * 

-+-,C2^.    +-_x_^         -      ,<sc.  2ubr  X 

■  1  1  1 

n  .  d    .   o  .  a'+  a*    .      r  *       .         S  md .  d    ,    ne  .  <i'-f  <i*  • 

—  +  — —  +'^6-  +  TTbTT  x    T~  +  ^  +•  ^ 

—  -7^77  x  *J^L+"  ^P.&c.  which  may  at  last  be  re- 
duced to  S  into  f-f  XV+  ABC  -  UHL  +  -  *£  

AB  ~  x  AK     BK  —  2  ABK  +     -  x  AF  -  AFC  +  -^y 

x  1  +  AP  +  d '  PT  7  —  .    But,  unless  A  and  B  are  very 

nearly  of  the  same  age,  and  both  older  than  C,  this  rule  will 
not  be  sufficiently  accurate.  If  B  be  the  oldest  of  the  three 
lives,  the  annuities  A,  AC,  and  AK,  should  be  continued  only 
for  as  many  years  fx  J  as  are  equal  to  the  difference  between 
the  age  of  B  and  that  of  the  oldest  life  in  the  table  of  observa- 
tions. Let  those  annuities  be  respectively  denoted  by  A',  A'C', 
and  A'K';  also  let  <p  denote  the  probability  that  C  survives  B,* 
q  the  number  of  persons  living  opposite  to  the  age  of  A  at 
the  end  of  x  years,  then  will  the  value  of  S,  after  x  years,  be 

—  13-  x  LzLl — Z-Z  and  the  whole  value  of  the  reversion  will 

u  t 

be  =  S  into  EI  x  v  +  ABC  -  £±1+2^  x  ^  -  A  B  - 
x  A'K'-f-BK  —  2BK  +  ~-  x  aF  —  AFC  +  ixi  +  AP 

•  By  the  Table,  pnge  337,  Phil.  Trans.  Vol.  LXXVIU. 
MDCCC  E 
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+  fT-Arr  +  #  x  '-■fv-v,  (A'  denoting  the  value  of 
an  annuity  on  a  life  x  years  older  than  A). 

If  C  be  the  oldest  of  the  three  lives,  let  a  —  5,  s  —  t,  t  —  w, 
&c.  be  substituted  for  their  equals  a'f  a",  a'"t  &c.  and  c  —  c ', 

c  —  C'  -f  c ",  c  —  c'  +  c"  +  c"',  &c.  for  their  equals  e,f,  g.  &c. 
then  will  the  value  of  the  reversion,  by  pursuing  the  same 
steps  as  in  the  former  case,  be  found  =  S  into   r~'  x 

V_±a  +  B  +  ABC  +  BC  trA°  —  AB  +  0  =  i£pE  + 

*  •  HB  —  HBC  s  :    Xt/^«  m  i    nn   ■      » I 

 H  z—  x  1  +  NC  -  "TFT  *  1  +  PC  +  TFT  * 

l  +  NPC. 

But,  as  these  series  are  to  be  continued  only  during  C's  life, 
it  is  evident  that  the  annuities  A,  B,  AB,  &c.  should  also  be 
continued  only  during  this  term ;  and  therefore,  if  *  be  the  dif- 
ference between  the  age  of  C  and  the  oldest  person  in  the 
Table,  A',  B',  A'  B',  &c.  the  values  of  annuities  respectively  on 
the  single  and  joint  lives  of  A,  B,  A  and  B,  &c.  for  z  years, 
these  several  symbols  should  be  substituted  above,  in  lieu  of  A, 
B,  AB,  &c.  to  denote  the  value  of  the  reversion  during  the 
first  z  years.  After  the  extinction  of  the  life  of  C,  the  given 
sum  may  be  received  upon  either  of  three  events;  ist,  if  A 
should  have  died  before  C,  and  B  died  after  him  in  the  z  -f  i» 
z  +  2,  &c.  years;  adly,  if  B  should  have  died  before  C,  and 
A  died  after  him  in  those  years  respectively ;  3dly,  if  both  the 
lives  of  A  and  B  should  die  after  the  first  z  years.  Let  <p 
denote  the  probability  that  C  dies  after  A,  and  it  the  probability 
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that  C  dies  after  B,*  then  will  the  value  of  the  reversion  de- 
pending on  these  several  contingencies  (putting  p  for  the  num- 
ber of  persons  living  opposite  the  age  of  B  at  the  end  of  z 
years,  and  q  for  the  same  number  opposite  the  age  of  A)  be 

=  S  into        br^+l  +  "  j^p  +  T^"X—  

;,  and  the  whole  value  of  the  reversion  will  be  =  S  into 


r— 1  •  V  ~— +  ABC  .  at  f.  AT— AFC  ,  *.H'B'-HBC 


,   BC  +  AC       AP   ,   0.  A'F'-AFC  . 

+  —  AB  +  + 


z  a 


If  the  lives  be  all  equal,  the  value,  according  to  the  first  rule, 
will  be  =  S  into       xV  —  C— £  CC  +  CCC  +       —  CC 

+  -JL-xKCC-KC  +  -^7xi  +  CT  +  ^*TT-CTT; 
and,  according  to  the  2d  rule,  it  will  be  =  S  into  ^  x 
Y_C  +  CCC  +  -^-CC-r-'  CKc-CCK~-i-x  1  +  CT 
-|_  ^Ll  x  1  -|-  CTT.  If  these  expressions  be  resolved  into  their 
respective  series,  the  value  in  each  case  will  be  found  =  S  '*  1 

x  v  —  C  —  CC  +  CCC,  which  is  known  to  be  the  true  value, 
from  self-evident  principles. 

But  the  solution  of  this  problem  may  be  obtained  by  the 

•  By  the  Table,  page  229,  Phil.  Trans,  for  the  year  179+. 

+  In  this  and  the  following  problems,  A*,  B*.  AB*,  A*,  B*.  tic.  signify  the  value 
of  an  annuity  on  the  single  or  joint  lives  of  persons  x  or  x  years  older  than  A  and  B,  Gfe. 
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assistance  of  the  ist  problem  in  my  last  paper*  supposing, 
instead  of  a  given  sum,  it  were  required  to  know  the  value  of 
the  reversion  of  a  given  estate.  For,  since  the  possession  of 
this  estate  is  an  event  which  must  certainly  take  place,  and  the 
only  point  to  be  determined  is  the  time  in  which  it  will  pro- 
bably happen,  it  is  obvious  that  no  event  can  postpone  the  pos- 
session, but  the  contingency  of  C's  being  the  second  that  fails, 
of  the  three  lives.  If,  therefore,  the  sum  of  the  values  of  an 
annuity  on  the  life  of  B  after  A,  provided  A  should  die  before 
C,  and  of  an  annuity  on  the  life  of  A  after  B,  provided  B  should 
die  before  C,  (both  found  by  the  problem  just  mentioned,)  be. 
subtracted  from  the  whole  value  of  the  reversion  after  the  joint 
lives  of  A  and  B,  the  remainder  will  be  the  value  required.  Let 
X  and  Y  respectively  denote  the  annuities  found  by  problem 
ist,  (Phil.  Trans  Vol.  LXXXIV.)  then  will  the  general  rule 

expressing  the  value  of  an  estate  be  =  V  —  AB  —  X  +  Y,  and 

consequently  of  a  given  sum  =  S  r~l  x  V  —  AB  —  X  -f  Y, 
which,  when  the  lives  are  equal,  may  be  reduced,  as  in  the 

former  cases,  to  Srr~'  x  V  —  C  —  CC  -f  CCC.  Q.  E.  D. 

PROBLEM  III. 

To  determine  the  value  of  an  estate,  or  of  a  given  sum,  after 
the  decease  of  A  or  B,  should  either  of  them  be  the  first  or  last 
that  shall  fail,  of  the  three  lives,  A,  B,  and  C. 

Solution. 

The  reversion  of  the  estate  in  this  problem,  like  that  in  the 

•  Phil.  Trans,  for  the  year  1794,  page  235. 
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preceding  one,  cannot  be  prevented  ultimately  from  taking 
place;  and  there  is  only  the  single  contingency  of  C's  being 
the  first  that  fails,  of  the  three  lives,  which  can  postpone  the 
possession  of  it  after  the  extinction  of  the  joint  lives  The  whole 
value,  therefore,  of  the  reversion,  after  the  joint  lives  of  A  and  B, 
must  in  this  case  be  lessened  by  the  sum  of  the  values  of  an 
annuity  on  A's  life  after  B,  provided  B  should  survive  C ;  and 
of  an  annuity  on  B's  life  after  A,  provided  A  should  survive  C, 
(both  found  by  the  2d  problem  in  my  last  Paper.*)  Let  these 
two  values  be  respectively  denoted  by  W  and  Z,  then  will  the 
general  rule  expressing  the  value  of  an  estate  be  =  V  —  AB 


—  W-f  Z,  and  the  value  of  a  given  sum  =  — -  x  V— AB 


—  W  -f-  Z.  When  the  lives  are  all  equal,  the  value  of  the 
reversion,  by  substituting  the  values  of  W  and  Z,  becomes  = 

V  +  CC  -  C  -CCC,  ori-^"  x  V  +  CC  -  C  -  CCC,  ac- 

cording  as  it  consists  of  an  estate,  or  a  given  sum. 

But  the  solution  of  this,  like  that  of  the  preceding  problem, 
may  be  obtained  without  having  recourse  to  any  other.  In  the 
first  year,  the  value  of  the  given  sum  will  be  =  S  into 


a'  .  b — m  ■  c — d  .    .     a'  ■  h—tn  .  d     ,       a' .  c — d  .  m       .    b—m  .  c — d  .  a— 
abcr  ubcr  zabcr         1  Tab  c  r 


a  b  c  r 


-f  b  m'alcr  — ;  in  the  2d  year  it  will  be  =  -^—r  into 


m  —  n.cl  —  e  .a"-\-m  —n.e.a"-\  -—  [- 


i—n  .  d—t .  u—a'  -f-a" 


-\-  a"  ne  -\-  m  —  n  .  e  .  a  —  a'  -f  a"  -f  c  —  d  .  m  —  n  .  a"  -f 

c—d  .  m — n    a'    .    b — tn  .  c — d  .  a'       ■      .1       _j  S 

 H  ;  ;  m  the  3d  year  =  ahcfl  into 

•  Phil.  Trans,  for  the  year  1794,  page  240. 
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n-o  .  e—f.a'"+n  —  o.fa!"  +  e~J'l  -\ 


e- f.o.tF  .  n—o.t—f.a—et  +  <f  +  d* 


+  a"'.  of  +  n  —  o  J.  a  —  a'  +  a"  -f  a"'+  c  —  *  .  n  —  o  .  a"'-f 

g'+o  .  c-g  .  n— 0       ft-,.  •  c—g  .  a  ^  ancj  sQ  on  ^         Qtner  years  If 

these  several  fractions  be  expanded,  they  will  form  nineteen 
different  series,  whose  sum  may  be  found  =  S  into  r-^-  x 


V—  ABC  -  -£±i  —  +  AB  +       x  AK+BK— aABK 

g  ■  AF  —  AFC    .      m        d  .  I  +  APT 


76  +  767*  ^  i+AP. 

If  B  be  the  oldest  of  the  three  lives,  let  denote  the  probability 
that  B  dies  after  C  *  then  will  the  value  of  S,  after  the  extinc- 
tion of  the  life  of  B,  be  =  s  :  £j j  q  x  r-'  •  V-Ax,  and  the  whole 

a  t  r 


value  of  the  reversion  will  be  =  S  into  ^  x  V  —  ABC  — 

A^F_  A^+AB_*.AFTAFC  +  ^xA,K,+  BK_ 


'-l-APT  Ap   ,     *  .  q 


aABK  +  ^x^-^-i  +  AP  +  ^xr-i.V-A- 

. . . .  qr,  A',  A'C,  fcfc.  denoting  the  same  quantities  as  in  the 
former  part  of  the  preceding  problem. 

If  C  be  the  oldest  of  the  three  lives,  let  the  symbols  be  changed 
as  in  the  preceding  problem,  and  the  value  of  the  given  sum 

will  be  =  S  into  ~  x  V  -  ABC  -  ffi+T*  -  - 


=  •  M'b'—HBc        ^  %TTwc  -  ^±B£ + A>V+  -fa  x 

r+PC"-f         x  i  -f  NC. . . .  After  the  decease  of  C,  the 

•  By  the  Tabic,  page  229,  Phil.  Trans,  for  the  year  1794. 
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given  sum  may  be  received,  provided  either  of  three  events  shall 
happen ;  1st,  if  A  shall  have  died  after  C  in  the  first  z*  years, 
and  B  dies  in  the  z+  1  .z  +  2,  &c.  year;  2dly,  if  B  having 
died  after  C  in  the  first  z  years,  A  dies  in  the  z  -f-  1 .  z  +  2, 
&c.  year ;  $dly ,  if  both  A  and  B  having  survived  the  first  z  years, 
the  survivor  of  them  dies  in  any  of  the  following  years.  Let  it  de- 
note the  probability  that  A  dies  after  C,  and  <p  the  probability 
that  B  dies  after  C,  (both  found  by  the  Table  in  Phil.  Trans.  Vol. 
LXXXI V.  page  229)  and  let  all  the  other  symbols  be  the  same 
as  in  the  latter  part  of  the  preceding  problem,  then  will  the 

value  of  S,  after  z  years,  be  =  S  into  "'f^1-  x  V  —  A-  + 

A*  -f  Ba  —  AB*,  and  the  whole  value  of  the  reversion  will  be 
into  —  x  V-ARr-i  A'+  tt/_g^rTA?c  ..HTp^spc 

V-A'+B--^^  x  AB"  

If  the  three  lives  be  equal,  the  first  of  these  rules  becomes 
=  S  into^xV  —  C  +  CC  —  CCC  -f  -~-  x  CK  —  CCK  -f- 

xi  +CTT  x  1  +CT;  and  the  second  =  S 

into  r-=?  x  V  —  C  -f  CC  —  CCC  *r  x  CK  —  CCK  £L 

x  1  -f  CTT  +  -±-  x  1  +  CT ;  but  the  three  last  fractions  in 

•  x  being,  as  usual,  the  number  of  years  between  the  age  of  C  and  the  age  of  tbt 
oldest  person  in  the  table. 
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each  of  those  rules  destroy  one  another,  and  therefore,  in  both 

•  _  — — 

of  them  the  value  of  the  reversion  is  =  b*r~l  xV-Cf  CC 

—  CCC.  ....  Q.E.D. 

PROBLEM  IV. 

To  determine  the  value  of  a  given  sum,  payable  on  the  death 
of  A,  should  his  life  be  the  first  or  second  that  fails,  and  should 
B's  life,  if  it  fail,  become  extinct  before  the  life  of  C. 

Solution. 

In  this  case,  the  payment  of  the  given  sum  can  only  be  pre- 
vented by  the  contingency  of  C's  dying  before  A,  and  therefore 
its  value  is  immediately  found  by  the  solution  of  the  2d  pro- 
blem in  my  first  Paper  on  this  subject,*  being  no  more  than 
"  the  Value  of  a  given  Sum  on  the  Death  of  A,  should  C  sur- 
"  vive  him/' 

The  accuracy  of  this  solution  will  appear  from  the  following 
investigation.  In  the  1st  year,  the  given  sum  will  become  pay- 
able should  either  of  four  events  take  place,  the  probabilities  of 

which  are  expressed  by  the  four  fractions  +  dT^c* 

+  ±1L  +  i^ELz  =.£l  +  -li,    In  the  2d  year,  it  will  be- 

1     abc     '       zabc  zac    1   iac  J 

come  payable  provided  either  of  six  events  should  take  place, 
expressed  by  the  fractions  £i»=»J=S  +  jLJE^L  + 

»  J  zabc  '  abc  'abc 

I   a'  .  d—t    n   -    b  —  m  .  d—e  .  a'     .     b—m  .  t  .  a*  a"  d      .      a*  e  » 

■        7  a  be       '  2  a  be  »  abc  z  a c     »  lac' 

the  third  year,  the  payment  of  the  given  sum  will  depend  on  the 

•  Phil.  Trans.  Vol.  LXXVIII.  page  341. 
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same  number  of  events,  and  the  probabilities  of  the  several  con- 
tingencies may  be  reduced  to         -f  The  value,  there- 


fore, of  the  reversion  will  be  =  -7^7-  x  ~  +  ^-pr-  +  ^r,  &c- 


-4  x  —  1  r-  4-  — r-,  &c.  which  two  series  are  known 

to  express  the  value  of  S,  on  the  contingency  of  C's  surviving  A.* 
Were  a  further  proof  necessary,  it  might  be  observed,  that 
the  value  of  the  given  sum,  in  this  problem,  is  equal  to  the  sum 
of  the  values  of  the  two  reversions  depending  on  the  con- 
tingency of  A's  being  the Jirst  that  shall  fail,  of  the  three  lives ; 
and  on  the  contingency  of  C's  surviving  A,  in  case  B  shall  be 
then  dead.    Supposing  the  three  lives  to  be  equal,  these  values 

will  be  =  -^=1  x  V-3CC-2CCC +  -iy^-  x  V-CCCf 
x  V  —  CC,  or  the  value  of  the  reversion  depending 


2  r 


on  one  life's  surviving  the  other  Q.  E .  D. 


PROBLEM  V. 


To  determine  the  value  of  a  given  sum,  payable  on  the  death 
of  A,  should  his  life  be  the  second  or  third  that  fails,  and  should 
B's  life,  when  it  fails,  become  extinct  before  the  life  of  C. 

Solution. 

The  value  of  the  given  sum,  in  the  1st  year,  will  be  =  -jlcr- 
into-^-i^^-f*'  iELi;  in  the  sd  year,  it  will  be  = 

•  Sec  Ph  1.  Trans.  Vol.  LXXVIII.  page  342. 

f  See  Phil.  Trans  Vol.  LXXIX.  page  49;  and  Vol  LXXXI.  page  253. 
MDCCC  F 
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S      »         a*  .  m— «  .  d — e 


lnto  i  +   1  \-b  —m  .  d-e  .  an  -f 

6  — m  .  e .  a"  -f  *"~m  '^""^'^  ;  in  the  3d  year  =   - ^c H  into 

6~w  :  • a"  ,  and  so  on  in  the  other  years.  These  several 
fractions  being  expanded,  will  form  seven  series,  whose  sum 

will  be  =  S  into  ELZ=x  _  iEL|BL  -  -1.  x  gg^ 
ABK+l^™i  +  =_!pl£  _ x  BT  -  AbT  - 
 A  +   i  *  ~  At  +  17  H 


« .K-AK. 

J^fo/i  £  w  the  oldest  of  the  three  lives,  let  x  be  the  number  of 
years  between  the  age  of  B  and  of  the  oldest  person  in  the  table ; 
p  the  number  of  persons  living  opposite  the  age  of  C;  and  q  the 
same  number  opposite  the  age  of  A,  at  the  end  of  x  years ;  A', 
A"C,  and  A'K,  the  values  of  annuities  on  those  single  and  joint 
lives  for  x  years.  The  given  sum  may  be  received  after  the 
first  x  years,  on  the  death  of  A,  provided  C  shall  have  died 
after  B  in  that  time,  or  if  C  shall  have  survived  the  said  term 

of  x  years.  Let  *  denote  the  first  probability,*  and  will 
denote  the  second ;  then  will  the  value  of  this  part  of  the  re- 
version be  =  S  .  into  v  +       x  y  •  r-!  •  v-A*  >an^  tne  wnole 


r  — i 


value  of  the  reversion  will  be  =  S  .  into  ~  x  2V  — 3  A' —  ABC 

•  Found  by  the  Table  in  Phil.  Trans,  for  the  year  1794,  page  229. 
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-^xBK-ABK+-£^  +  ^xPC^C-l^AII 
+     -  x  FC- AFC  +  3  AK—  ^  x  BT  -  ABT  -       x  A'K' 


,     A'C-AB     .         .      p        q  .  r-»  *  V-A- 

When  C  is  the  oldest  of  the  three  lives,  let  <p  denote  the  pro- 
bability that  C  dies  after  B;*  let  z  be  the  difference  between 
the  age  of  C  and  that  of  the  oldest  person  in  the  table ;  A',  A'F', 
and  A'B'  the  values  of  annuities  on  those  single  and  joint  lives 
for  z  years ;  and  k  the  number  of  persons  living  opposite  a  life 
%  years  older  than  A ;  then  will  the  value  of  the  reversion  in 

this  case  be  =  S  into  r-=?  x  2  V  —  3  A' — ABC  x  BK 

-gL-  *  ffTTAffT  +        x  F<J_  AtC  +  3 A'F' — x 

KXr    ,     AC-A'B'     .  g*.  r~.  V-A« 

AK  H  —  1  


If  A  be  the  oldest  of  the  three  lives,  let  b",  b'",  &c.  be  sub- 
stituted for  b  —  m,  m  —  n,  n  —  0,  &c.  and  a  —  s,  s  —  t,  &c. 
for  a\  a",  &c.  then  will  the  value  of  the  given  sum  for  the  1st 

yearbe=^x~ffrrf  y  +  E^;  for  the  2d  year  = 


be  r*    x  3  ! 


and  so  on  for  the  other  years.  Hence  the  whole 
value  may  be  found  =  S  into  ^xaV  —  3  A  — ABC — 

•  By  the  Tabic  in  Phil.  Trans,  for  the  year  1794,  page  229. 
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x  AK  —  ABK  —  HiiiJE  ^_  _^_x  HC  —  HBC  —  77-  x  AT^ 

-TTFr  .  s  .  i  +  NBT          *         NC  -  NBC  ,   xT5  ,  AC-AB 

ABT  +  a  —*  3  1  +NB  +  — IT" ' 

When  the  lives  are  equal,  the  value,  by  the  two  first  rules,  will 
be  =  Lg=L  x  2V— 3C— CCC  +  S  into— +  CK  —  CCK 

+  -Or  C  K  K  +  -,2-  x  CT^CCT  -  x  7^  TT ; 
and  by  the  third  rule  it  will  be  =  S  into  ^  x  2V— 3C— cW 

-  t5t  *  CKK  +  -57T  * CT  +  tSt  -  cct  +  - 

-7T—  x  1  +  CTT.    In  both  cases,  all  the  fractions  after  the 

o  c  c  r  ' 

first  destroy  each  other,  so  that  the  general  rule  is  =  —  6r~  x 

2  V  —  3C  —  CCC,  which  may  be  proved,  from  other  principles, 
to  be  the  true  value. 

As  the  reversion,  in  this  problem,  consists  of  two  parts;  1st, 
of  the  contingency  of  receiving  the  given  sum  on  the  death  of 
A,  provided  B  should  be  then  dead  and  C  living ;  and  2dly,  of 
the  contingency  of  receiving  it  on  the  death  of  A,  provided  B 
should  be  the  first,  C  the  second,  and  A  the  third,  that  fails,  it 
follows,  that  the  present  solution  may  be  obtained  from  those 
of  the  problem  in  my  second  Paper,*  and  of  the  6th  problem -f- 
in  my  last  Paper  on  this  subject.  But  the  computations  derived 
from  the  addition  of  those  two  problems  would  be  too  tedious 
and  complicated,  and  therefore  the  preceding  rules  are  pre- 
ferable.   In  the  particular  case  of  the  equality  of  the  lives, 

the  general  rule  becomes  the  same  as  above,  (or  =  S  x  r-^~  x 

•  Phil.  Trans.  Vol.  LXXIX.  page  41.      f        Trans,  for  the  year  1794,  page  253. 
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*V —  3C  —  CCC)  and  consequently  affords  an  additional 
proof  of  the  truth  of  the  investigation  of  the  three  problems. 

PROBLEM  VI. 

To  determine  the  value  of  a  given  sum,  payable  on  the  death 
of  A,  should  his  life  be  the  first  or  last  that  shall  fail,  of  the 
three  lives ;  and  should  B's  life,  if  it  fail,  become  extinct  before 
the  life  of  C.  - 

Solution. 

s 

The  value  of  the  given  sum,  in  the  1st  year,  is   abcr  into 

a'.b  —  m.c — d    ,      ,  i   ,     a'  ■  b — m  .  d     ,   a' .  c — d.m    •  , 

 \-  a'md  -\  -  1  ;  in  the  2d  year, 

1      •  S      .          of .  Tn — n .  d—e     ,      •»        .     a"  .  tn —  tt  .  e  , 

its  value  is  =  7^771  mto  +  a"n  e  +  \- 

m'  .  d—e  .  11   .   b—m  .  d—c  .  if    ,   b—m.c—da*      .    .1         ,   S 

 1  +  2  +  1  ♦  inthe3dyear,7I^r 

into  CJELlEL  +  a"'of+  CJEsJL  +  fllzLjL  _|_  ~"  ^ a" 

_l.  iELlzL-fl,  and  so  on  in  the  other  years.  The  sum  of  these 
several  fractions,  after  reducing  them  into  their  proper  series, 
may  be  found  =  S  into  ^  x  V  — A  — ABC  +       -  -£1  -f 

_^_xl  +APT-^7xTTAT  +  bT-ABT--^rx 

AFK  +  -jj  x  AF  +  FC  —  AFC. 

When  B  is  the  oldest  of  the  three  lives,  let  x  be  the  difference 
between  his  age  and  that  of  the  oldest  person  in  the  table ;  and, 
as  the  given  sum  may  be  received  after  the  necessary  extinction 
of  his  life,  either  on  the  event  of  C's  having  died  after  him  in  x 
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years,  and  A's  dying  in  the  F+7,  J+J,  fe.  years,  or  on 
the  event  of  C's  having  lived  x  years,  and  A's  dying  in  the 
x  -f  1,  x  -j-  2,  fife,  years,  it  is  obvious  that  the  preceding  rule 
in  this  case  will  not  express  the  whole  value  of  the  reversion. 
Retaining  the  same  symbols  as  in  the  first  case  of  Prob.  V.  the 
value  depending  on  the  former  of  those  two  events  will  be 

 o      »  •  q  ■  r—i  .  V— A*         ,  .  „  . 

—  D  x  7rT£]  ,  and  on  the  latter  of  them  it  will  be  == 

therefore,  the  whole  value  of  the  reversion  will  be  =  S  into 

x  TTAT  +  BT=ABT  -         x  AFK  +  JL x  AF 

+  rff  +  Tx  ST^F  • 

When  C  is  the  oldest  of  the  three  lives,  let  <p  denote  the  proba- 
bility that  C  dies  after  B ;  *  and  let  %  be  the  difference  between 
the  age  of  C  and  that  of  the  oldest  person  in  the  table;  A',  A'B', 
and  A'F',  the  values  of  annuities  on  those  single  and  joint  lives 
for  z  years  ;  and  q  the  number  of  persons  living  at  the  age  of  A 
after  z  years ;  then  will  the  value  in  this  case  be  =  S  into 

:^xv_a<-abc  +  ^-^+_^xtTapT-71- 


xi  + AT  +  BT- ABT  x  AFK  +      x  AT'+FC 


- akc + ff-r:x  - 

When  A  is  the  oldest  of  the  three  lives,  let  the  symbols  be 
changed  in  like  manner  as  in  the  corresponding  case  in  the 

•  Phil.  Trans,  for  the  year  1794,  page  229. 
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preceding  problem;  then  will  the  value  for  the  1st  year  be 

n  -4- into  "f"  +T=i.rrp.d+  ~'iV  + 

a  b  cr  »  1  •  2  * 

— :.7=3.S=B    for  ^   d  8  ^ 

*  J  after*  a  1 

■.    1  T7~i — In       1   s—t.eV  ,  5— *  .  rf— *  .6— b  -f6*  ,  t—t.d—e.b' 

s  —  t.b  —  b  +  b  .e-\  ^ — H  -  I  

+  *~t  •  c~d  •  b  t  and  so  on  for  the  3d,  4th,  and  remaining  years. 
These  several  fractions  may  be  expanded  into  twelve  different 
series,  whose  sum  may  be  found  =  S  into       x  V  —  A  —  ABC 

.    AC         AB       «  .  AK    ,    a  .  HBC  d        -rrp  TTPf^  ,  , 

+  - — — — — +  —  —  *at-abt+  — 

xi-j-  NC  -j-  NB  —  NBC  -         x  i  +  NBT. 

If  the  lives  be  equal,  the  value,  by  the  first  two  rules,  will  be 

=  s into z=LJ3ZE*E£S£  +  Jj±.  xt+ctt - -±-  x 

2  r  '     2 c cr  i  2cr 

i  +  sCT  —  CCT  —  BJ4^  +  ^xsCK-CCK;  and  by 

the  third  rule  it  will  be  =  S  into  ELJE£±gS£5L  +  -1- . 

CCK-CK-f-^-xTfCT-^x  i  +  CTT.  In  both 
cases,  all  the  fractions  after  the  first  destroy  each  other ;  so  that 

the  general  rule  becomes  =  S  *~x  x  V  —  C  -|-  CC  —  CCC, 

which  may  be  proved  to  be  the  true  value,  from  other  principles. 

The  solution  of  this  problem  might  have  been  derived  from 
that  of  the  first  problem*  in  my  third  Paper,  and  from  that  of 
the  6th  problem -f  in  my  last  Paper  on  this  subject,  "  by  finding 
"  the  value  on  the  death  of  A,  should  his  life  be  the  Jirst  that 

•  Phil.  Trans.  Vol.  LXXXI.  page  248. 
f  Phil.  Trans,  for  the  year  1794,  page  253. 
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"  failed ;  and  also  the  value  of  the  same  sum,  should  B  be  the 
"  first,  C  the  second,  and  A  the  third,  that  failed :"  but  the 
foregoing  rules,  in  being  more  simple,  are  preferable. 

In  the  particular  case  of  the  equality  of  the  three  lives,  the 

value,  by  these  problems,  will  be  =  S  into       x  V  —  CCC  -f 

r-z±  x  v  -  3c  +  3cc  -  ccc  =       *  v-c+cc-cec, 

as  before.       Q.  E.  D. 

PROBLEM  VII. 

To  determine  the  value  of  a  given  sum,  payable  on  the  death 
of  A,  B,  and  C,  provided  C  shall  die  after  one  life  in  parti- 
cular, (A). 

Solution. 

In  the  ist  year,  the  value  of  the  given  sum  will  be  = 
s  .  <  g 

-•2abcr  xb  —  m.c  —  d .  a'\  in  the  sd  year,  it  will  be  =  abcr% 

into-^HL£  +  T~ hi .  T=~e .  a'  +  ELEELf  +  "nT=n' . 

2  '  '  Z  ' 

j—e      +  EL£L£ ;  in  the  gd  year  =  ^  into  ~°  l  p  " 

-» .  t-f  if  ^  and  M  on  .n  ^  otner  y^gfg .  wnence  the 

whole  value  may  at  last  be  found  =  S  into        x  BC  —  B  — 

-  TT  +  5*7  *  TT^~L^  _  ±  x 
BK— ABK-f-  R,  (R  denoting  the  value  of  S,  by  the  3d  problem 
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in  my  first  Paper,  on  the  contingency  of  C's  dying  after  A)  * 
This  general  rule  gives  the  true  value  of  the  reversion,  when  B 
is  the  oldest  of  the  three  lives.    But,  when  C  is  the  oldest  of  the 

three  lives,  the  general  rule  will  lie  =  S  into  ^  xBC  —  B' 

BK  -  ABK  +  R  +  **''^+!~B*  •  -  x  denoting  the  difference 
between  the  ages  of  C  and  of  the  oldest  person  in  the  table;  p  the 
number  of  persons  living  at  the  age  of  B  after  x  years ;  B!,  A'B', 
and  A'P',  the  values  of  annuities  on  those  single  and  joint  lives 
for  x  years  ;  and  p.  the  probability  that  C  dies  after  A.-f 

When  A  is  the  oldest  of  the  three  lives,  let  the  symbols  be 
changed  as  in  the  solution  of  the  preceding  problem,  and  the 

whole  value  of  the  given  sum  will  be  =       x  —  +  -~  -|* 
g  ,  J_  w  _fiL  4.  JUL.  _l  -££L  &r  4-  -i-  *  ZTT 

JJL  +  LBL+,&C.  _-^x^l  +  l_£  +  ^+,^.  _ 

S  ,   rf/y   .     rub-  &  S  rf<y  r«.^ 

— -  r-,csr<:.  T77*7*~  +  ~  +  ~+' oc-  +  17S77 

X~T  ?       »W'  za&cr  X    r     «  T1 

•  Phil.  Trans.  Vol.  LXXVIN.  page  347. 
f  Phil.  Trans,  for  the  year  1794,       in  Page  "9- 
MDCCC.  G 
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After  the  extinction  of  A's  life,  the  given  sum  may  be  received 

on  either  of  three  events ;  ist.  on  the  death  of  B  in  the  %  -f  1, 

z  -f-  2,  6fc.  years,  (z  denoting  the  difference  between  the  ages 
of  A  and  of  the  oldest  person  in  the  table,)  C  having  died  after 

A  in  the  first  z  years ;  adly,  on  the  death  of  C  in  the  z  +  i, 
z-f  2,  &c.  years,  B  having  died  in  the  first  z  years ;  3dly,  on 
the  extinction  of  both  the  lives  of  B  and  C  after  the  first  z 
years.  Let  <p  denote  the  probability  that  C  dies  after  A  in  z 
years;*  p  the  number  of  persons  living  opposite  the  age  of  B ; 
and  k  the  same  number  opposite  the  age  of  C  at  the  end  of  z 
years ;  and  the  value  on  the  two  first  of  these  contingencies  will 

be  =   +  ^TT^+l  •    ASa,n>  let 

greek  letters  be  substituted  for  the  corresponding  italic  letters  in 
the  first  part,  and  the  value  on  the  third  of  those  contingencies 

wiUbe=-±rx4-  +  4-  +  -g-,^.^-T|^x^+^- 

j£_  ^c    The  ist  of  these  series  being  added  to 

the  first  series  in  the  former  part  of  the  solution,  their  sum  will 

be  =  S  into  ~2rV"B  +  P'r1Xbf^7^ ;  the  2d  and  4th  being 
added  to  the  4th  and  5th,  their  sum  will  be  =  —  S  x  C  — BC; 
and  the  3d  series  being  added  to  the  3d  series  in  that  part  of  the 

S    C  BC 

solution,  their  sum  will  be  =  —^= — ;  so  that  these  six  series 
fast  mentioned  are  =  —  S  r~'>;C~6-.f   The  whole  value  of 

•  Phil.  Trans,  for  the  year  1794.  table  in  page  229. 

f  The  solution  of  the  latter  part  of  the  case  in  the  6th  problem,  in  which  B  is  the 
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the  reversion  in  this  case  may  therefore  be  found  =  S  .  into 
~^  xV  —  B  —  2C4-2BC4-  AC  —  ABC  +  +  — 

x HB  +  HC  -  HBC  x  B'K'+ AK  — ABK -f  f+|  x 

^  +  ^^;  B'C,and  B' K',  denoting  the 

values  of  annuities  on  those  joint  lives  for  z  years. 

When  the  three  lives  are  of  equal  age,  the  value  by  the  first 

two  rules  will  be  =  S  into^xV— 3C  -f  3  CC  —  CCC  + 

777  *  n=~CT  -  ~  x  TTCTT  -  ^  x  CK^TCCK,  i n 
which  the  last  three  fractions  destroy  each  other ;  and  by  the 
last  rule  the  value  will  be  =  -^f=i-  x  V — 3C  4-3CC — CCC; 

that  is,  in  both  cases,  "  half  the  reversion  after  the  extinction  of 
"  the  three  lives/'  which  from  self-evident  principles  is  known 
to  be  the  true  value. 

The  solution  of  this  problem  may  also  be  derived  from  those 
of  the  $d  problem  in  my  first  Paper,*  and  of  the  1st  problem  in 
my  last  Paper,+  "  by  deducting  the  value  of  an  estate  after  the 
"  death  of  C,  provided  that  should  happen  after  the  death  of  A, 
"  from  the  value  of  an  annuity  on  the  life  of  B  after  C,  pro- 
"  vided  C  should  die  before  A."    Thus,  in  the  case  of  equal 

lives,  the  value  by  the  first  of  these  problems  being  v-2^+cc> 

C    CC  CC  CCC 

and  the  value  by  the  second  being  =  — ^  ~ — ,  their 

difference,  or  v-3c+3CC-ccc ,  is  the  number  of  years  pur- 

eldest  of  the  three  lives,  has  been  investigated  much  in  the  same  manner  with  the  pre- 
sent case;  but  the  operation  was  omitted  merely  for  the  sake  of  conciseness. 

•  Phil.  Trans.  Vol.  LXXVIII.  page  347. 

f  Phil.  Trans,  for  the  year  1794,  Pa£e  23S- 
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chase  required,  and  consequently  the  value  of  a  given  sum  is 

=  Sx~x  V_  3C  +  3CC  —  CCC,  as  before.  But  the  rules 

derived  from  the  foregoing  solution  are  in  general  more  simple 
than  those  derived  from  the  two  problems  just  mentioned,  and 
are  therefore  to  be  preferred  to  them. 

The  foregoing  problems,  together  with  those  which  have 
been  investigated  in  my  former  papers,  comprehend,  as  far  as 
I  can  perceive,  all  the  different  cases  of  survivorship  between 
three  lives.  The  great  number  of  contingencies  on  which  these 
reversions  depend,  must  necessarily  render  the  solutions  intri- 
cate, and  consequently  the  general  rules  complicated  and  la- 
borious. It  would  not,  however,  be  a  difficult  task  to  abridge 
these  rules  very  considerably,  without  destroying  their  accuracy 
in  any  great  degree ;  but  this  would  be  foreign  to  my  purpose 
in  these  papers,  which  has  uniformly  been  confined  to  the  inves- 
tigation of  the  correct  values  of  the  different  reversions.  Nor 
do  I  think  that  such  an  abridgement  is  necessary,  as  the  opera- 
tions of  even  the  longest  of  the  present  rules,  may  be  completed 
in  very  nearly  as  short  a  time  as  the  inaccurate  approximations 
which  have  hitherto  been  employed  for  the  same  purpose. 

It  may  not  be  improper  to  observe,  that  the  solutions  in  these 
papers  arc  not  only  the  first  which  have  ever  been  deduced,  in 
the  case  of  two  and  three  lives,  from  just  principles  and  the 
real  probabilities  of  life ;  but  that,  as  to  many  of  the  problems, 
not  even  an  attempt  has  ever  been  made  to  approximate  to  the 
value  of  the  reversion. 

Being  now  possessed  of  correct  solutions  of  all  the  cases  in 
which  two  and  three  lives  are  involved  in  the  survivorship,  we 
are  possessed  of  all  that  is  really  useful,  and  therefore  1  feel  the 
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greater  satisfaction  in  closing  my  inquiries  on  this  subject.  For, 
in  regard  to  contingencies  depending  on  four  or  more  lives,  the 
cases  are  not  only  much  too  numerous  and  intricate  to  admit  of 
a  solution,  but  they  occur  so  seldom  in  practice,  as  to  render 
the  entire  investigation  of  them,  were  it  even  possible,  a  matter 
of  little  or  no  importance. 


In  my  last  Paper,  printed  in  the  Phil.  Trans,  for  the  year  1794,  page  257,  last 

line  but  one, 

BC— B'C  b  k  r    1   V  BC* 

for  read —  J— —    1  ■;  whence  the  general  rule  in  the 

following  page  becomes  =  S  into         x  V-3C-ABC  +  -  -L.  X 


AF— AFC       a .  HFC        *       2  .  HB  -HBC     Tt„  s 


+  —  +  — X—  ;  +  HC  +  -         X  NB  — NBC  + 


3  $a  la  3  tar 


„.,+NPC  «    x77Tg+»-AP-APC           »      *-r-^,V-C'  - 

6  zbr                            3                    6  cr"4-» 

~.  v~: 

26cr*+« 


1   cF+l 

2*  •  ~  .  V^BC 


Digitized  by  Google 


C  46  3 


III.  Abstract  of  a  Register  of  the  Barometer,  Thermometer,  and 
Rain,  at  Lyndon,  in  Rutland,/or  the  Tear  1798.  By  Thomas 
Barker,  Esq. 


Read  December  12,  1799. 


Barometer. 

Therm* 

Dineter. 

Rain. 

Highest. 

Lowest. 

Una. 

Int 

le  House. 

Abroad. 

High. 

Low. 

Mean. 

High.!  Low. 

Mean. 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sep. 

Oct. 

Not. 

Dec. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Mom. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftem. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftern. 

Morn. 

Aftem. 

Morn. 

Aftern. 

Inches. 
30,01 

30,19 

29,84 

29,88 

30,00 

29,98 

*9'73 
29,90 

29,77 

29,87 

*9»75 
30,18 

Inches. 
28,47 

28,70 

28,71 

28,66 

*8,75 

29,11 

28,91 

29,25 

28,48 

28,70 

28,21 

28,80 

Inches. 
29,44 

58 

44 

4S 

56 
61 

33 
62 

32 

39 
09 

43 

O 

4  t 

49? 

5°x 

53 
58 
61 

6l| 
64 

68 
70 
66 
69 
66 
70 
66 
68j 

oo* 

S2 
53 
4* 
43 

0 

33 

34 

351 

37 

40 

4«l 
39 
4« 
51 

5^ 
5« 

e7l 
1 

57 

591 
60 

Si\ 

S2 

5» 

44 

44 

35i 
36 

«i 

*3i 

0 

40a1 

4» 

*ii 
43 
43 
44 

5« 

Si{ 

55 

IV 

64 
61 

63 
63 
65 

s*i 

6o{ 

5* 

53 

4*1 

431 

36 

0 

49 
49 

5° 
54 

4«i 
58 

$H 

68 
621 

7» 

69 

84 

67 

79 
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80 

62I 

76 

l\ 

53 
57 
4*1 
45 

0 

28 

30 
2l\ 
3*1 
28 

36{ 
29 

44i 
44 

s«i 

5» 

60 

54 

60; 

5» 

6*J 

44 
48 
3* 
43 1 

27 

33 
Si 
'3 

0 

36f 
40X 

34* 

43 

38 

44} 

4" 

57 

52 
6,f 

59* 
72 

59 

70 

s8£ 
70 

53 

63  i 

47 

55 

38 

43 

3'1 

35 

Inches. 
1,028 

t.542 
0,532 

1,321 
1,892 

0,95° 
2,942 

1,942 

2,814 

3»°3° 
2,546 
1,396 
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The  year  began  open  and  mild,  and  drier  than  it  had  been 
at  the  end  of  last  year.  There  was  near  a  week's  frost  about 
January  the  10th;  again  about  February  the  6th;  and  the 
sharpest  this  winter  was  about  the  18th,  but  none  of  them  lasted 
a  week.  It  was  in  general  an  open,  mild,  and  pleasant  winter, 
and  drying,  except  one  great  rain  and  flood,  February  23.  The 
NE  winds  in  the  middle  and  latter  end  of  March  delayed  the 
grass,  but  the  season  was  in  general  calm.  It  was  a  fine  April, 
chiefly  dry,  though  with  some  fine  rains  at  times,  and  not 
without  some  storms.  A  fruitful  season,  though  in  some  mea- 
sure hindered  by  frequent  frosty  mornings,  for  the  first  three 
weeks  of  April :  this  brought  the  grain  on  finely  ;  and  the  low 
meadows,  which  were  so  thoroughly  soaked  by  the  wet  last 
winter,  had  great  crops  of  grass  ;  but  the  late  laid  uplands  were 
thin. 

I  think  it  was  upon  the  whole  one  of  the  finest  summers  I 
have  known ;  a  great  deal  of  calm,  sunny,  and  fine  weather, 
and  moderately  hot.  The  wet  of  the  winter  prevented  the 
ground  from  burning  till  the  middle  of  the  summer:  then  a 
wet  middle  of  July  set  the  grass  growing  again ;  but,  as  rain 
was  wanted,  it  was  not  complained  of,  though  in  hay-time; 
for  it  rather  hindered  than  damaged  the  hay,  which  was  for 
the  most  part  pretty  well  got,  though  rather  troublesome,  and 
the  wet  made  plenty  of  turnips,  and  fine  eddishes.  The  harvest 
was  in  general  well  got,  with  good  crops  of  white  corn ;  but 
the  weather  had  been  full  dry  for  the  beans  and  peas,  which 
were  thin,  though  pretty  well  corned;  and  the  harvest  was 
early,  for  it  was  almost  finished  in  August.  The  fine  harvest 
made  the  ground  begin  to  burn  again  in  September ;  but  that 
was  soon  stopped,  by  a  great  and  windy  rain  before  the  end  of 
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the  month.  The  autumn  was  fine,  with  few  frosty  mornings  ; 
yet  one  or  two  severe  nights  in  October,  before  the  green -house 
plants  were  housed,  killed  many  of  them,  especially  the  Gera- 
niums :  but  it  was  afterwards  warm  and  wet  again,  and  conti- 
nued pretty  fine,  for  the  season,  till  the  middle  of  December, 
when,  after  some  misty  weather,  followed  by  very  severe  frost 
in  the  last  week,  it  was  exceedingly  cold,  and  the  thermometer 
was  one  day  down  at  5J,  which  I  never  saw  it  at  but  once 
before;  and  the  frost  continued,  though  not  so  severe,  till  near 
the  middle  of  January,  1799. 
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IV.  On  the  Power  of  penetrating  into  Space  by  Telescopes ;  with 
a  comparative  Determination  of  the  Extent  of  that  Power  in 
natural  Vision,  and  in  Telescopes  of  various  Sizes  and  Cow- 
structions;  illustrated  by  select  Observations.  By  William 
Herschel,  LL.  D.  F.  R.  S. 

Read  November  ai,  1799. 

It  wUl  not  be  difficult  to  shew  that  the  power  of  penetrating 
into  space  by  telescopes  is  very  different  from  magnifying 
power,  and  that,  in  the  construction  of  instruments,  these  two 
powers  ought  to  be  considered  separately. 

In  order  to  conduct  our  present  inquiry  properly,  it  will  be 
necessary  to  examine  the  nature  of  luminous  bodies,  and  to 
enter  into  the  method  of  vision  at  a  distance.  Therefore,  to 
prevent  the  inaccuracy  that  would  unavoidably  arise  from  the 
use  of  terms  in  their  common  acceptation,  I  shall  have  recourse 
to  algebraic  symbols,  and  to  such  definitions  as  may  be  necessary 
to  fix  a  precise  meaning  to  some  expressions  which  are  often 
used  in  conversation,  without  much  regard  to  accuracy. 

By  luminous  bodies  I  mean,  in  the  following  pages,  to  denote 
such  as  throw  out  light,  whatever  may  be  the  cause  of  it :  even 
those  that  are  opaque,  when  they  are  in  a  situation  to  reflect 
light,  should  be  understood  to  be  included ;  as  objects  of  vision 
they  must  throw  out  light,  and  become  intitled  to  be  called 
luminous.    However,  those  that  shine  by  their  own  light  may 

MDCCC-  H 
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be  called  self-luminous,  when  there  is  an  occasion  to  distinguish 
them. 

The  question  will  arise,  whether  luminous  bodies  scatter  light 
in  all  directions  equally;  but,  till  we  are  more  intimately 
acquainted  with  the  powers  which  emit  and  reflect  light,  we 
shall  probably  remain  ignorant  on  this  head.  I  should  remark, 
that  what  I  mean  to  say,  relates  only  to  the  physical  points  into 
which  we  may  conceive  the  surfaces  of  luminous  bodies  to  be 
divided;  for,  when  we  take  any  given  luminous  body  in  its 
whole  construction,  such  as  the  sun  or  the  moon,  the  question 
will  assume  another  form,  as  will  appear  hereafter. 

That  light,  flame,  and  luminous  gases  are  penetrable  to  the 
rays  of  light,  we  know  from  experience ;  *  it  follows  therefore, 
that  every  part  of  the  sun's  disk  cannot  appear  equally  lumi- 
nous to  an  observer  in  a  given  situation,  on  account  of  tho 
unequal  depth  of  its  luminous  atmosphere  in  different  places.f 
This  regards  only  bodies  that  are  self-luminous.  But  the 
greatest  inequalities  in  the  brightness  of  luminous  bodies  in 
general,  will  undoubtedly  be  owing  to  their  natural  texture; 

•  In  order  to  put  this  to  a  proof,  I  placed  four  candles  behind  a  screen,  at  \  of  an 
inch  distance  from  each  other,  so  that  their  flames  might  range  exactly  in  a  line.  The 
first  of  the  candles  was  placed  at  the  same  distance  from  the  screen,  and  just  opposite 
a  narrow  slit,  \  of  an  inch  long,  and  £  broad.  On  the  other  side  of  the  screen  I  fixed 
up  a  book,  at  such  a  distance  from  the  slit  that,  when  the  first  of  the  candles  was  lighted, 
the  letters  might  not  be  sufficiently  Illuminated  to  become  legible.  Then,  lighting 
successively  the  second,  third,  and  fourth  candles,  I  found  the  letters  gradually  more 
illuminated,  so  that  at  last  I  could  read  them  with  great  facility;  and,  by  the  arrange- 
ment of  the  screen  and  candles,  the  light  of  the  second,  third,  and  fourth,  could  not 
reach  the  book,  without  penetrating  the  flames  of  those  that  were  placed  before  them. 

f  Sec  the  Paper  on  the  Nature  and  Construction  of  the  Sun.  Phil.  Trans,  for 
i795»  Page  46. 


Digitized  by  Google 


penetrating  into  Space  by  Telescopes.  51 

which  may  be  extremely  various,  with  regard  to  their  power  of 
throwing  out  light  more  or  less  copiously. 

Brightness,  I  ascribe  to  bodies  that  throw  out  light ;  and  those 
that  throw  out  most  are  the  brightest. 

It  will  now  be  necessary  to  establish  certain  expressions  for 
brightness  in  different  circumstances. 

In  the  first  place,  let  us  suppose  a  luminous  surface  throwing 
out  light,  and  let  the  whole  quantity  of  light  thrown  out  by  it 
be  called  L. 

Now,  since  every  part  of  this  surface  throws  out  light,  let  us 
suppose  it  divided  into  a  number  of  luminous  physical  points, 
denoted  by  N. 

If  the  copiousness  of  the  emission  of  light  from  every  phy- 
sical point  of  the  luminous  surface  were  equal,  it  might  in 
general  be  denoted  by  c ;  but,  as  that  is  most  probably  never 
the  case,  I  make  C  stand  for  the  mean  copiousness  of  light 
thrown  out  from  all  the  physical  points  of  a  luminous  object. 
This  may  be  found  in  the  following  manner.  Let  c  express  the 
copiousness  of  emitting  light,  of  any  number  of  physical  points 
that  agree  in  this  respect ;  and  let  the  number  of  these  points  be 
n.  Let  the  copiousness  of  emission  of  another  number  of  points 
be  c'y  and  their  number  n'.  And  if,  in  the  same  manner,  other 
degrees  of  copiousness  be  called  c%  c\  &c.  and  their  numbers  be 
denoted  by  n\  n\  &c.  then  will  the  sum  of  every  set  of  points, 
multiplied  by  their  respective  copiousness  of  emitting  light,  give 
us  the  quantity  of  light  thrown  out  by  the  whole  luminous  body. 
That  is,  L  =  cn  -\-  c'n'  -f  -  &c. ;  and  the  mean  copiousness 
of  emitting  light,  of  each  physical  point,  will  be  expressed  by 

 x  =  c. 
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It  is  evident  that  the  mean  power,  or  copiousness  of  throwing 

■ 

out  light,  of  every  physical  point  in  the  luminous  surface,  muL- 
tiplied  by  the  number  of  points,  must  give  us  the  whole  power 
of  throwing  out  light,  of  the  luminous  body.  That  is  CAT  =  L. 

I  ought  now  to  answer  an  objection  that  may  be  made  to  this 
theory.  Light,  as  has  been  stated,  is  transparent ;  and,  since 
the  light  of  a  point  behind  the  surface  of  a  flame  will  pass 
through  the  surface^  ought  we-  not  to  take  in  its  depth,  as  well 
as  its  superficial  dimensions  ?  In  answer  to  this,  I  recur  to  what 
has  been  said  with  regard  to  the  different  powers  of  throwing 
out  light,  of  the  points  of  a  luminous  surface.  For,  as  light  must 
be  finally  emitted  through  the  surface,  it  is  but  referring  all 
light  arising  from  tlie  emission  of  points  behind  the  surface, 
to  the  surface  itself,  and  the  account  of  emitted  light  will  be 
equally  true:  And  this  will  also  explain  why  it  has  been  stated 
as  probable,  that  different  parts  of  the  same  luminous  surface 
may  throw  out  different  quantities  of  light. 

Since,  therefore,  the  quantity  of  light  thrown  out  by  any  lu- 
minous body  is  truly  represented  by  CN,  and  that  an  object  is 
bright  in  consequence  of  light  thrown  out,  we  may  say  that 
brightness  is  truly  defined  by  CN.  If  however,  there  should  at 
any  time  be  occasion  for  distinction,  the  brightness  arising 
from  the  great  value  of  C,  may  be  called  the  intrinsic  bright- 
ness ;  and  that  arising  from  the  great  value  of  Nf  the  aggregate 
brightness ;  but  the  absolute  brightness,  in  all  cases,  will  still  be 
defined  by  CN. 

Hitherto  we  have  only  considered  luminous  objects,  and  their 
condition  with  regard  to  throwing  out  light.  We  proceed  now 
to  find  an  expression  for  their  appearance  at  any  assigned  dis- 
tance ;  and  here  it  will  be  proper  to  leave  out  of  the  account, 
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every  part  of  CN  which  is  not  applied  for  the  purpose  of  vision. 
L  representing  the  whole  quantity  of  light  thrown  out  by  CN, 
we  shall  denote  that  part  of  it  which  is  used  in  vision,  either  by 
the  eye  or  by  the  telescope,  /.  This  will  render  the  conclusions 
that  may  be  drawn  hereafter  more  unexceptionable ;  for,  the 
quantity  of  light  /  being  scattered  over  a  small  space  in  propor- 
tion to  L,  it  may  reasonably  be  looked  upon  as  more  uniform 
in  its  texture ;  and  no  scruples  about  its  inequality  will  take 
place.  The  equation  of  light,  in  this  present  sense,  therefore,  is 
CiV=  /.. 

Nowy  since  we  know  that  the  density  of  light  decreases  in 
the  ratio  of  the  squares  of  the  distances  of  the  luminous  objects, 
the  expression  for  its  quantity  at  the  distance  of  the  observer 

D,  will  be  -jyr. 

In  natural  vision,  the  quantity  /  undergoes  a  considerable 
change,  by  the  opening  and  contracting  of  the  pupil  of  the  eye. 
IT  we  call  the  aperture  of  the  iris  a,  we  find  that  in  different 
persons  it  differs  considerably,  Its  changes  are  not  easily  to  be 
ascertained ;  but  we  shall  not  be  much  out  in  stating  its  varia- 
tions to  be  chiefly  between  1  and  2  tenths  of  an  inch.  Perhaps 
this  may  be  supposed  under- rated ;  for  the  powers  of  vision,  in 
a  room  completely  darkened,  will  exert  themselves  in  a  very 
extraordinary  manner.  In  some  experiments  on  light,  made  at 
Bath,  in  the  year  1 780, 1  have  often  remarked,  that  after  staying 
some  time  in  a  room  fitted  up  for  these  experiments,  where  on 
entering  I  could  not  perceive  any  one  object,  I  was  no  longer 
at  a  loss,  in  half  an  hour's  time,  to  find  every  thing  I  wanted.  It 
is  however  probable  that  the  opening  of  the  iris  is  not  the  only 
cause  of  seeing  better  after  remaining  long  in  the  dark;  but 
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that  the  tranquillity  of  the  retina,  which  is  not  disturbed  by 
foreign  objects  of  vision,  may  render  it  fit  to  receive  impressions 
such  as  otherwise  would  have  been  too  faint  to  be  perceived. 
This  seems  to  be  supported  by  telescopic  vision ;  for  it  has  often 
happened  to  me,  in  a  fine  winter's  evening,  when,  at  midnight, 
and  in  the  absence  of  the  moon,  I  have  taken  sweeps  of  the  hea- 
vens, of  four,  five,  or  six  hours  duration,  that  the  sensibility  of 
the  eye,  in  consequence  of  the  exclusion  of  light  from  surround- 
ing objects,  by  means  of  a  black  hood  which  I  wear  upon  these 
occasions,  has  been  very  great ;  and  it  is  evident,  that  the  open- 
ing of  the  iris  would  have  been  of  no  service  in  these  cases,  on 
account  of  the  diameter  of  the  optic  pencil,  which,  in  the  20  feet 
telescope,  at  the  time  of  sweeping,  was  no  more  than  ,12  inch. 
The  effect  of  this  increased  sensibility  was  such,  that  if  a  star  of 
the  3d  magnitude  came  towards  the  field  of  view,  I  found  it 
necessary  to  withdraw  the  eye  before  its  entrance,  in  order  not 
to  injure  the  delicacy  of  vision  acquired  by  long  continuance  in 
the  dark.  The  transit  of  large  stars,  unless  where  none  of  the 
6th  or  7th  magnitude  could  be  had,  have  generally  been  declined 
in  my  sweeps,  even  with  the  20  feet  telescope.  And  I  remem- 
ber, that  after  a  considerable  sweep  with  the  4,0  feet  instrument, 
the  appearance  of  Sirius  announced  itself,  at  a  great  distance, 
like  the  dawn  of  the  morning,  and  came  on  by  degrees,  increas- 
ing in  brightness,  till  this  brilliant  star  at  last  entered  the  field 
of  view  of  the  telescope,  with  all  the  splendour  of  the  rising  sun, 
and  forced  me  to  take  the  eye  from  that  beautiful  sight.  Such 
striking  effects  are  a  sufficient  proof  of  the  great  sensibility  of 
the  eye,  acquired  by  keeping  it  from  the  fight. 

On  taking  notice,  in  the  beginning  of  sweeps,  of  the  time  that 
passed,  I  found  that  the  eye,  coming  from  the  light,  required 
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near  20',  before  it  could  be  sufficiently  reposed  to  admit  a  view 
of  very  delicate  objects  in  the  telescope ;  and  that  the  observa- 
tion of  a  transit  of  a  star  of  the  2d  or  3d  magnitude,  would 
disorder  the  eye  again,  so  as  to  require  nearly  the  same  time 
for  the  re-establishment  of  its  tranquillity. 

The  difficulty  of  ascertaining  the  greatest  opening  of  the  eye, 
arises  from  the  impossibility  of  measuring  it  at  the  time  of  its 
extreme  dilatation,  which  can  only  happen  when  every  thing  is 
completely  dark ;  but,  if  the  variation  of  a  is  not  easily  to  be 
ascertained,  we  have,  on  the  other  hand,  no  difficulty  to  deter- 
mine the  quantity  of  light  admitted  through  a  telescope,  which 
must  depend  upon  the  diameter  of  the  object-glass,  or  mirror ; 
for,  its  aperture  A  may  at  all  times  be  had  by  measurement. 

It  follows,  therefore,  that  the  expression      will  always  be 

accurate  for  the  quantity  of  light  admitted  by  the  eye ;  and  that 

will  be  sufficiently  so  for  the  telescope.  For  it  must  be 

remembered,  that  the  aperture  of  the  eye  is  also  concerned  in 
viewing  with  telescopes ;  and  that,  consequently,  whenever  the 
pencil  of  light  transmitted  to  the  eye  by  optical  instruments 
exceeds  the  aperture  of  the  pupil,  much  light  must  be  lost.  In 
that  case,  the  expression  Ax  I  will  fail ;  and  therefore,  in  gene- 
ral, if  m  be  the  magnifying  power,  ~-  ought  not  to  exceed  a. 

As  I  have  defined  the  brightness  of  an  object  to  the  eye  of 
an  observer  at  a  distance,  to  be  expressed  by  ~,  it  will  be 

necessary  to  answer  some  objections  that  may  be  made  to  this 
theory.  Optical  writers  have  proved,  that  an  object  is  equally 
bright  at  all  distances.  It  may,  therefore,  be  maintained  against 
me,  that  since  a  wall  illuminated  by  the  sun  will  appear  equally 
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bright,  at  whatsoever  distance  the  observer  be  placed  that  views 
it,  the  sun  also,  at  the  distance  of  Saturn,  or  still  farther  from  us, 
must  be  as  bright  as  it  is  in  its  present  situation.  Nay,  it  may  be 
urged,  that  in  a  telescope,  the  different  distance  of  stars  can  be  of 
no  account  with  regard  to  their  brightness,  and  that  we  must 
consequently  be  able  to  see  stars  which  are  many  thousands  of 
times  farther  than  Sirius  from  us ;  in  short,  that  a  star  must  be 
infinitely  distant  not  to  be  seen  any  longer. 

Now,  objections  such  as  these,  which  seem  to  be  the  imme- 
diate consequence  of  what  has  been  demonstrated  by  mathema- 
ticians, and  which  yet  apparently  contradict  what  I  assert  in  this 
paper,  deserve  to  be  thoroughly  answered. 

It  may  be  remembered,  that  I  have  distinguished  brightness 
into  three  different  sorts.*  Two  of  these,  which  have  been  dis- 
criminated by  intrinsic  and  absolute  brightness,  are,  in  common 
language,  left  without  distinction.  In  order  to  shew  that  they 
are  so,  I  might  bring  a  variety  of  examples  from  common  con- 
versation ;  but,  taking  this  for  granted,  it  may  be  shewn  that 
all  the  objections  I  have  brought  against  my  theory  have  their 
foundation  in  this  ambiguity. 

The  demonstrations  of  opticians,  with  regard  to  what  I  call 
intrinsic  brightness,  will  not  oppose  what  I  affirm  of  absolute 
brightness ;  and  I  shall  have  nothing  farther  to  do  than  to  shew 
that  what  mathematicians  have  said,  must  be  understood  to 
refer  entirely  to  the  intrinsic  brightness,  or  illumination  of  the 
picture  of  objects  on  the  retina  of  the  eye :  from  which  it  will 
clearly  follow,  that  their  doctrine  and  mine  are  perfectly  recon- 
cileable  ;  and  that  they  can  be  at  variance  only  when  the  am- 
biguity of  the  .  word  brightness  is  overlooked,  and  objections, 

•  See  page  52. 
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such  as  I  have  made,  are  raised,  where  the  word  brightness  is 
used  as  absolute,  when  we  should  have  kept  it  to  the  only  meaning 
it  can  bear  in  the  mathematicians'  theorem. 

The  first  objection  I  have  mentioned  is,  that  the  sun,  to  an 
observer  on  Saturn,  must  be  as  bright  as  it  is  here  on  earth. 
Now  by  this  cannot  be  meant,  that  an  inhabitant  standing  on 
the  planet  Saturn,  and  looking  at  the  sun,  should  absolutely 
receive  as  much  light  from  it  as  one  on  earth  receives  when  he 
sees  it ;  for  this  would  be  contrary  to  the  well  known  decrease 
of  light  at  various  distances.  The  objection,  therefore,  can  only 
go  to  assert,  that  the  picture  of  the  sun,  on  the  retina  of  the 
Saturnian  observer,  is  as  intensely  illuminated  as  that  on  the 
retina  of  the  terrestrial  astronomer.  To  this  I  perfectly  agree. 
But  let  those  who  would  go  farther,  and  say  that  therefore  the 
sun  is  absolutely  as  bright  to  the  one  as  to  the  other,  remember 
that  the  sun  on  Saturn  appears  to  be  a  hundred  times  less 
than  on  the  earth  ;  and  that  consequently,  though  it  may  there 
be  intrinsically  as  bright,  it  must  here  be  absolutely*  an  hundred 
times  brighter. 

The  next  objection  I  have  to  consider,  relates  to  the  fixed 
stars.  What  has  been  shewn  in  the  preceding  paragraph,  with 
regard  to  the  sun,  is  so  intirely  applicable  to  the  stars,  that  it 
will  be  very  easy  to  place  this  point  also  in  its  proper  light.  As 
I  have  assented  to  the  demonstration  of  opticians  with  regard  to 
the  brightness  of  the  sun,  when  seen  at  the  distance  of  Saturn, 
provided  the  meaning  of  this  word  be  kept  to  the  intrinsic  illu- 
mination of  the  picture  on  the  retina  of  an  observer,  I  can 
have  no  hesitation  to  allow  that  the  same  will  hold  good  with 
a  star  placed  at  any  assignable  distance.  But  I  must  repeat,  that 

•  See  the  definition  of  absolute  brightness,  page  52. 
MDCCC.  I 
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the  light  we  can  receive  from  stars  is  truly  expressed  by  ; 

and  that  therefore  their  absolute  brightness  must  vary  in  the 
inverse  ratio  of  the  squares  of  their  distances.  Hence  I  am 
authorised  to  conclude,  and  observation  abundantly  confirms  it, 
that-  stars  cannot  be  seen  by  the  naked  eye,  when  they  are  more 
than  seven  or  eight  times  farther  from  us  than  Sirius ;  and  that 
they  become,  comparatively  speaking,  very  soon  invisible  with 
our  best  instruments.  It  will  be  shewn  hereafter,  that  the  visi- 
bility of  stars  depends  on  the  penetrating  power  of  telescopes, 
which,  I  must  repeat,  falls  indeed  very  short  of  shewing  stars 
that  are  many  thousands  of  times  farther  from  us  than  Sirius ; 
much  less  can  we  ever  hope  to  see  stars  that  are  all  but  infi- 
nitely distant. 


If  now  it  be  admitted  that  the  expressions  we  have  laid  down 
are  such  as  agree  with  well  known  facts,  we  may  proceed  to 
vision  at  a  distance ;  and  first  with  respect  to  the  naked  eye. 

Here  the  power  of  penetrating  into  space,  is  not  only  con- 
fined by  nature,  but  is  moreover  occasionally  limited  by  the 
failure  in  brightness  of  luminous  objects.  Let  us  see  whether 
astronomical  observations,  assisted  by  mathematical  reasoning, 
can  give  us  some  idea  of  the  general  extent  of  natural  vision. 
Among  the  reflecting  luminous  objects,  our  penetrating  powers 
are  sufficiently  ascertained.  From  the  moon  we  may  step  to 
Venus,  to  Mercury,  to  Mars,  to  Jupiter,  to  Saturn,  and  last  of 
all  to  the  Georgian  planet.  An  object  seen  by  reflected  light  at 
a  greater  distance  than  this,  it  has  never  been  allowed  us  to 
perceive ;  and  it  is  indeed  much  to  be  admired,  that  we  should 
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see  borrowed  iiiumination  to  the  amazing  distance  of  more  than 
18  hundred  millions  of  miles;  especially  when  that  light,  in 
coming  from  the  sun  to  the  planet,  has  to  pass  through  an  equal 
space,  before  it  can  be  reflected,  whereby  it  must  be  so  en- 
feebled as  to  be  above  368  times  less  intense  on  that  planet 
than  it  is*  with  us,  and  when  probably  not  more  than  one-third 
part  of  that  light  can  be  thrown  back  from  its  disk.* 

The  range  of  natural  vision  with  self-luminous  objects,  is 
incomparably  more  extended,  but  less  accurately  to  be  ascer- 
tained. From  our  brightest  luminary,  the  sun,  we  pass  imme- 
diately to  very  distant  objects;  for,  Sirius,  Arcturus,  and  the 
rest  of  the  stars  of  the  first  magnitude,  are  probably  those  that 
come  next;  and  what  their  distance  may  be,  it  is  well  known, 
can  only  be  calculated  imperfectly  from  the  doctrine  of  paral- 
laxes, which  places  the  nearest  of  them  at  least  412530  times 
farther  from  us  than  the  sun. 

In  order  to  take  a  second  step  forwards,  we  must  enter  into 
some  preliminary  considerations,  which  cannot  but  be  attended 
with  considerable  uncertainty.  The  general  supposition,  that 
stars,  at  least  those  which  seem  to  be  promiscuously  scattered, 
are  probably  one  with  another  of  a  certain  magnitude,  being 
admitted,  it  has  already  been  shewn  in  a  former  Paper, f  that 
after  a  certain  number  of  stars  of  the  first  magnitude  have 
been  arranged  about  the  sun,  a  farther  distant  set  will  come  in 
for  the  second  place.  The  situation  of  these  may  be  taken  to 
be,  one  with  another,  at  about  double  the  distance  of  the  former 
from  us. 

•  According  to  Mr.  Bovcver.  the  surface  of  the  moon  absorbs  about  two-thirds 
of  the  light  it  receives  from  the  sun.    See  Traiti  d'Optique,  page  122. 
f  Phil.  Trans,  for  the  year  1796,  page  166,  167,  168. 
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By  directing  our  view  to  them,  and  thus  penetrating  one  step 
farther  into  space,  these  stars  of  the  second  magnitude  furnish  us 
with  an  experiment  that  shews  what  phenomena  will  take  place, 
when  we  receive  the  illumination  of  two  very  remote  objects, 
equally  bright  in  themselves,  whereof  one  is  at  double  the  dis- 
tance of  the  other.  The  expression  for  the  brightness  of  such 
objects,  at  all  distances,  and  with  any  aperture  of  the  iris, 

a*  I 

according  to  our  foregoing  notation,  will  be  -^r ;  and  a  method 

of  reducing  this  to  an  experimental  investigation  will  be  as 
follows. 

Let  us  admit  that  «  Cygni,  (3  Tauri,  and  others,  are  stars  of 
the  second  magnitude,  such  as  are  here  to  be  considered.  We 
know,  that  in  looking  at  them  and  the  former,  the  aperture  of 
the  iris  will  probably  undergo  no  change ;  since  the  difference 
in  brightness,  between  Sirius,  Arcturus,  a  Cygni,  and  #  Tauri, 
does  not  seem  to  affect  the  eye  so  as  to  require  any  alte- 
ration in  the  dimensions  of  the  iris;  a,  therefore  becomes  a 
given  quantity,  and  may  be  left  out.  Admitting  also,  that  the 
latter  of  these  stars  are  probably  at  double  the  distance  of  the 
former,  we  have  D*  in  one  case  four  times  that  of  the  other ; 
and  the  two  expressions  for  the  brightness  of  the  stars,  will  be  / 
for  those  of  the  first  magnitude,  and  ±1  for  those  of  the  second. 

The  quantities  being  thus  prepared,  what  I  mean  to  suggest 
by  an  experiment  is,  that  since  sensations,  by  their  nature,  will 
not  admit  of  being  halved  or  quartered,  we  come  thus  to  know 
by  inspection  what  phsenomenon  will  be  produced  by  the  fourth 
part  of  the  light  of  a  star  of  the  first  magnitude.  In  this  sense, 
I  think  we  must  take  it  for  granted,  that  a  certain  idea  of  bright- 
ness, attached  to  the  stars  which  are  generally  denominated  to 
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be  of  the  second  magnitude,  may  be  added  to  our  experimental 
knowledge ;  for,  by  this  means,  we  are  informed  what  we  are 

to  understand  by  the  expressions  4rr,  —  a-Ar,         >»*  We 

cannot  wonder  at  the  immense  difference  between  the  bright- 
ness of  the  sun  and  that  of  Sirius ;  since  the  two  first  expres- 
sions, when  properly  resolved,  give  us  a  ratio  of  brightness  of 
more  than  170  thousand  millions  to  one;  whereas  the  two 
latter,  as  has  been  shewn,  give  only  a  ratio  of  four  to  one. 

What  has  been  said  will  carry  us,  with  very  little  addition,  to 
the  end  of  our  unassisted  power  of  vision  to  penetrate  into  space. 
We  can  have  no  other  guide  to  lead  us  a  third  step  than  the 
same  beforementioned  hypothesis;  in  consequence  of  which, 
however,  it  must  be  acknowledged  to  be  sufficiently  probable, 
that  the  stars  of  the  third  magnitude  may  be  placed  about  three 
times  as  far  from  us  as  those  of  the  first.  It  has  been  seen,  by 
my  remarks  on  the  comparative  brightness  of  the  stars,  that  I 
place  no  reliance  on  the  classification  of  them  into  magnitudes  ;f 
but,  in  the  present  instance,  where  the  question  is  not  to  ascer- 
tain the  precise  brightness  of  any  one  star,  it  is  quite  sufficient 
to  know  that  the  number  of  the  stars  of  the  first  three  different 
magnitudes,  or  different  brightnesses,  answers,  in  a  general  way, 
sufficiently  well  to  a  supposed  equally  distant  arrangement  of  a 
first,  second,  and  third  set  of  stars  about  the  sun.  Our  third 
step  forwards  into  space,  may  therefore  very  properly  be  said  to 
fall  on  the  pole-star,  on  y  Cygni,  6  Bootis,  and  all  those  of  the 
.same  order. 

•  The  names  of  the  objects  ©,  Sirius,  0  Tauri,  are  here  used  to  express  their  dis- 
tance from  us. 

t  Phil.  Trans,  for  the  year  1796,  page  168,  169. 
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As  the  difference,  between  these  and  the  stars  of  the  preceding 
order,  is  much  less  striking  than  that  between  the  stars  of  the 
first  and  second  magnitude,  we  also  find  that  the  expressions 

fira?' and  13"' are  not  in  the  high  ratio  of  4 to  1 » but  only 

as  g  to  4,  or  2^  to  l . 

Without  tracing  the  brightness  of  the  stars  through  any 
farther  steps,  I  shall  only  remark,  that  the  diminution  of  the 
ratios  of  brightness  of  the  stars  of  the  4th,  5th,  6th,  and  7th 
magnitude,  seems  to  answer  to  their  mathematical  expressions, 
as  well  as,  from  the  first  steps  we  have  taken,  can  possibly  be 
imagined.  The  calculated  ratio,  for  instance,  of  the  brightness 
of  a  star  of  the  6th  magnitude,  to  that  of  one  of  the  7th,  is  but 
little  more  than  i£  to  1 ;  but  still  we  find  by  experience,  that 
the  eye  can  very  conveniently  perceive  it.  At  the  same  time, 
the  faintness  of  the  stars  of  the  7th  magnitude,  which  require 
the  finest  nights,  and  the  best  common  eyes  to  be  perceived, 
gives  us  little  room  to  believe  that  we  can  penetrate  much 
farther  into  space,  with  objects  of  no  greater  brightness  than 
stars. 

But,  since  it  may  be  justly  observed,  that  in  the  foregoing 
estimation  of  the  proportional  distance  of  the  stars,  a  consider-* 
able  uncertainty  must  remain,  we  ought  to  make  a  proper 
allowance  for  it;  and,  in  order  to  see  to  what  extent  this  should 
go,  we  must  make  use  of  the  experimental  sensations  of  the 
ratios  of  brightness  we  have  now  acquired,  in  going  step  by 
step  forward:  for,  numerical  ratios  of  brightness,  and  sensa- 
tions of  them,  as  has  been  noticed  before,  are  very  different 
things.  And  since,  from  the  foregoing  considerations,  it  may  be 
concluded,  that  as  far  as  the  6th,  7th,  or  8th  magnitude,  there 
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ought  to  be  a  visible  general  difference  between  stars  of  one 
order  and  that  of  the  next  following,  I  think,  from  the  faintness 
of  the  stars  of  the  7th  magnitude,  we  are  authorized  to  conclude, 
that  no  star,  eight,  nine,  or  at  most  ten  times  as  far  from  us  as 
Sinus,  can  possibly  be  perceived  by  the  natural  eye. 

The  boundaries  of  vision,  however,  are  not  confined  to  single 
stars.  Where  the  light  of  these  falls  short,  the  united  lustre  of 
sidereal  systems  will  still  be  perceived.  In  clear  nights,  for 
instance,  we  may  see  a  whitish  patch  in  the  sword-handle  of 
Perseus  *  which  contains  small  stars  of  various  sizes,  as  may  be 
ascertained  by  a  telescope  of  a  moderate  power  of  penetrating 
into  space.  We  easily  see  the  united  lustre  of  them,  though  the 
light  of  no  one  of  the  single  stars  could  have  affected  the  unas- 
sisted eye. 

Considerably  beyond  the  distance  of  the  former  must  be  the 
cluster  discovered  by  Mr.  Messier,  in  1764;  north  following 
H  Geminorum.  It  contains  stars  much  smaller  than  those  of 
the  former  cluster ;  and  a  telescope  should  have  a  considerable 
penetrating  power,  to  ascertain  their  brightness  properly,  such 
as  my  common  10-feet  reflector.  The  night  should  be  clear, 
in  order  to  see  it  well  with  the  naked  eye,  and  it  will  then 
appear  in  the  shape  of  a  small  nebula. 

Still  farther  from  us  must  be  the  nebula  between  17  and  £ 
Herculis,  discovered  by  Dr.  Halley,  in  1714.  The  stars  of  it 
are  so  small  that  it  has  been  called  a  Nebula ;  <f  and  has  been 
regarded  as  such,  till  my  instruments  of  high  penetrating 

•  Sec  the  catalogue  of  a  second  thousand  of  new  nebulae  and  clusters  of  stars,  VI. 
33,  34.  Phil.  Trans.  Vol.  LXXIX.  page  251. 

f  In  the  Connoissance  des  Ttmps  for  1783,  No.  13,  it  is  described  as  a  nebula 
without  stars. 
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powers  were  applied  to  it.  It  requires  a  very  clear  night,  and 
the  absence  of  the  moon,  to  see  it  with  the  natural  eye. 

Perhaps,  among  the  farthest  objects  that  can  make  an  im- 
pression on  the  eye,  when  not  assisted  by  telescopes,  may  be 
reckoned  the  nebula  in  the  girdle  of  Andromeda,  discovered  by 
Simon  Marius,  in  1612.  It  is  however  not  difficult  to  per- 
ceive it,  in  a  clear  night,  on  account  of  its  great  extent. 


From  the  powers  of  penetrating  into  space  by  natural  vision, 
we  proceed  now  to  that  of  telescopes. 

It  has  been  shewn,  that  brightness,  or  light,  is  to  the  naked 

eye  truly  represented  by  ;  in  a  telescope,  therefore,  the 
light  admitted  will  be  expressed  by  Hence  it  would  fol- 

low, that  the  artificial  power  of  penetrating  into  space  should  be 
to  the  natural  one  as  A  to  a.  But  this  proportion  must  be  cor- 
rected by  the  practical  deficiency  in  light  reflected  by  mirrors, 
or  transmitted  through  glasses ;  and  it  will  in  a  great  measure 
depend  on  the  circumstances  of  the  workmanship,  materials, 
and  construction  of  the  telescope,  how  much  loss  of  light  there 
will  be  sustained. 

In  order  to  come  to  some  determination  on  this  subject,  I 
made  many  experiments  with  plain  mirrors,  polished  like  my 
large  ones,  and  of  the  same  composition  of  metal.  The  method 
I  pursued  was  that  proposed  by  Mr.  Bouguer,  in  his  Traite 
d'Optique,  page  16,  fig.  3.;  but  I  brought  the  mirror,  during 
the  trial,  as  close  to  the  line  connecting  the  two  objects  as  pos- 
sible, in  order  to  render  the  reflected  rays  nearly  perpendicular. 
The  result  was,  that  out  of  100  thousand  incident  rays, 
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67162  were  returned  ;  and  therefore,  if  a  double  reflection  takes 
place,  only  4594a  will  be  returned. 

Before  this  light  can  reach  the  eye,  it  will  suffer  some  loss  in 
passing  through  the  eye  glass ;  and  the  amount  of  this  I  ascer- 
tained, by  taking  a  highly  polished  plain  glass,  of  nearly  the 
usual  thickness  of  optical  glasses  of  small  focal  lengths.  Then, 
by  the  method  of  the  same  author,  page  21,  fig.  5. 1  found,  that 
out  of  100  thousand  incident  rays,  94825  were  transmitted 
through  the  glass.  Hence,  if  two  lenses  be  used,  89918 ;  and, 
with  three  lenses,  85265  rays  will  be  transmitted  to  the  eye. 

Then,  by  compounding,  we  shall  have,  in  a  telescope  of  my 
construction  with  one  reflection,  63796  rays,  out  of  100  thou- 
sand, come  to  the  eye.  In  the  Newtonian  form,  with  a  single 
eye  lens,  42901 ;  and,  with  a  double  eye  glass  40681  will  re- 
main for  vision. 

There  must  always  remain  a  considerable  uncertainty  in  the 
quantities  here  assigned ;  as  a  newly  polished  mirror,  or  one  in 
high  preservation,  will  give  more  light  than  another  that  has 
not  those  advantages.  The  quality  of  metal  also  will  make  some 
difference;  but,  if  it  should  appear  by  experiments,  that  the 
metals  or  glasses  in  use  will  yield  more  or  less  light  than  here 
assigned,  it  is  to  be  understood  that  the  corrections  must  be 
made  accordingly. 

We  proceed  now  to  find  a  proper  expression  for  the  power 
of  penetrating  into  space,  that  we  may  be  enabled  to  compare 
its  effects,  in  different  telescopes,  with  that  of  the  natural  eye. 

Since  then  the  brightness  of  luminous  objects  is  inversely  as 
the  squares  of  the  distances,  it  follows,  that  the  penetrating 
power  must  be  as  the  square  roots  of  the  light  received  by  the 
eye. 

MDCCC  K 
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In  natural  vision,  therefore,  this  power  is  truly  expressed  by 
k/77;  and,  since  we  have  now  also  obtained  a  proper  correc- 
tion x,  we  must  apply  it  to  the  incident  light  with  telescopes. 

In  the  Newtonian  and  other  constructions  where  two 
specula  are  used,  there  will  also  be  some  loss  of  light  on  account 
of  the  interposition  of  the  small  speculum ;  therefore,  putting  b 

for  its  diameter,  we  have  A*  —  b*  for  the  real  incident  light. 
This  being  corrected  as  above,  will  give  the  general  expression 

*S xl  x  Ax  —  6*  for  the  same  power  in  telescopes.  But  here  we 
are  to  take  notice,  that  in  refractors,  and  in  telescopes  with  one 
reflection,  b  will  be  =  o,  and  therefore  is  to  be  left  out. 

Then,  if  we  put  natural  light  /  =  1,  and  divide  by  a,  we 

have  the  general  form  v ' x  f~h%  for  the  penetrating  power  of 

all  sorts  of  telescopes,  compared  to  that  of  the  natural  eye  as  a 
standard,  according  to  any  supposed  aperture  of  the  iris,  and 
proportion  of  light  returned  by  reflection,  or  transmitted  by 
refraction. 

In  the  following  investigation  we  shall  suppose  a  ==  2  tenths 
of  an  inch,  as  being  perhaps  nearly  the  general  opening  of  the 
iris,  in  star-light  nights,  when  the  eye  has  been  some  moderate 
time  in  the  dark.  The  value  of  the  corrections  for  loss  of  light 
will  stand  as  has  been  given  before. 


We  may  now  proceed  to  determine  the  powers  of  the  instru- 
ments that  have  been  used  in  my  astronomical  observations ; 
but,  as  this  subject  will  be  best  explained  by  a  report  of  the 
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observations  themselves,  I  shall  select  a  series  of  them  for  that 
purpose,  and  relate  them  in  the  order  which  will  be  most  illus- 
trating. 

First,  with  regard  to  the  eye,  it  is  certain  that  its  power,  like 
all  our  other  faculties,  is  limited  by  nature,  and  is  regulated  by 
the  permanent  brightness  of  objects ;  as  has  been  shewn  already, 
when  its  extent  with  reflected  light  was  compared  to  its  exer- 
tion on  self-luminous  objects.  It  is  further  limited  on  borrowed 
light,  by  the  occasional  state  of  illumination ;  for,  when  that 
becomes  defective  at  any  time,  the  power  of  the  eye  will  then 
be  contracted  into  a  narrower  compass ;  an  instance  of  which  is 
the  following. 

In  the  year  1776*,  when  I  had  erected  a  telescope  of  20  feet 
focal  length,  of  the  Newtonian  construction,  one  of  its  effects 
by  trial  was,  that  when  towards  evening,  on  account  of  dark- 
ness, the  natural  eye  could  not  penetrate  far  into  space,  the 
telescope  possessed  that  power  sufficiently  to  shew,  by  the  dial 
of  a  distant  church  steeple,  what  o'clock  it  was,  notwithstanding 
the  naked  eye  could  no  longer  see  the  steeple  itself.  Here  I  only 
speak  of  the  penetrating  power ;  for,  though  it  might  require 
magnifying  power  to  see  the  figures  on  the  dial,  it  could 
require  none  to  see  the  steeple.  Now  the  aperture  of  the  tele- 
scope being  12  inches,  and  the  construction  of  the  Newtonian 
form,  its  penetrating  power,  when  calculated  according  to  the 

given  formula,  will  be  v^xpSg  =  38jQQ>  A%  bj  and  a> 
being  all  expressed  in  tenths  of  an  inch.* 

•  I  have  given  the  figures,  in  all  the  following  equations  of  the  calculated  pene« 
trating  powers,  in  order  to  shew  the  constructions  of  my  instruments  to  those  who  may 
wish  to  be  acquainted  with  them. 


Digitized  by  Google 


68  Dr.  Herschel  on  the  Power  of 

From  the  result  of  this  computation  it  appears,  that  the  cir- 
cumstance of  seeing  so  well,  in  the  dusk  of  the  evening,  may 
be  easily  accounted  for,  by  a  power  of  this  telescope  to  penetrate 
39  times  farther  into  space  than  the  natural  eye  could  reach, 
with  objects  so  faintly  illuminated. 

This  observation  completely  refutes  an  objection  to  telescopic 
vision,  that  may  be  drawn  from  what  has  also  been  demon- 
strated by  optical  writers ;  namely,  that  no  telescope  can  shew 
an  object  brighter  than  it  is  to  the  naked  eye.  For,  in  order  to 
reconcile  this  optical  theory  with  experience,  I  have  only  to  say, 
that  the  objection  is  intirely  founded  on  the  same  ambiguity 
of  the  word  brightness  that  has  before  been  detected.  It  is 
perfectly  true,  that  the  intrinsic  illumination  of  the  picture  on 
the  retina,  which  is  made  by  a  telescope,  cannot  exceed  that  of 
natural  vision;  but  the  absolute  brightness  of  the  magnified 
picture  by  which  telescopic  vision  is  performed,  must  exceed 
that  of  the  picture  in  natural  vision,  in  the  same  ratio  in  which 
the  area  of  the  magnified  picture  exceeds  that  of  the  natural 
one ;  supposing  the  intrinsic  brightness  of  both  pictures  to  be 
the  same.  In  our  present  instance,  the  steeple  and  clock-dial 
were  rendered  visible  by  the  increased  absolute  brightness  of 
the  object,  which  in  natural  vision  was  15  hundred  times  inferior 
to  what  it  was  in  the  telescope.  And  this  establishes  beyond  a 
doubt,  that  telescopic  vision  is  performed  by  the  absolute  bright- 
ness of  objects ;  for,  in  the  present  case,  I  find  by  computation, 
that  the  intrinsic  brightness,  so  far  from  being  equal  in  the  tele- 
scope to  that  of  natural  vision,  was  inferior  to  it  in  the  ratio  Of 
three  to  seven. 

The  distinction  between  magnifying  power,  and  a  power  of 
penetrating  into  space,  could  not  but  be  felt  long  ago,  though 
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itp  theory  has  not  been  inquired  into.  This  undoubtedly  gave 
rise  to  the  invention  of  those  very  useful  short  telescopes  called 
night-glasses.  When  the  darkness  of  the  evening  curtails  the  . 
natural  penetrating  power,  they  come  in  very  seasonably,  to 
the  relief  of  mariners  that  are  on  the  look  out  for  objects  which 
it  is  their  interest  to  discover.  Night-glasses,  such  as  they  are 
now  generally  made,  will  have  a  power  of  penetrating  six  or 
seven  times  farther  into  space  than  the  natural  eye.  For,  by 
the  construction  of  the  double  eye-glass,  these  telescopes  will 
magnify  7  or  8  times ;  and  the  object  glass  being  a-J  inches  in 
diameter,  the  breadth  of  the  optic  pencil  will  be  3!  or  3^  tenths 
of  an  inch.  As  this  cannot  enter  the  eye,  on  a  supposition  of 
an  opening  of  the  iris  of  2  tenths,  we  are  obliged  to  increase  the 
value  of  a,  in  order  to  make  the  telescope  have  its  proper  effect. 
Now,  whether  nature  will  admit  of  such  an  enlargement  becomes 
an  object  of  experiment ;  but,  at  all  events,  a  cannot  be  assumed 

less  than  Then,  if  x  be  taken  as  has  been  determined  for 

three  refractions,  we  shall  have  v/,8"X25>  =  6,46  or  7,39. 

Soon  after  the  discovery  of  the  Georgian  planet,  a  very  cele- 
brated observer  of  the  heavens,  who  has  added  considerably  to 
our  number  of  telescopic  comets  and  nebulae,  expressed  his  wish, 
in  a  letter  to  me,  to  know  by  what  method  I  had  been  led  to 
suspect  this  object  not  to  be  a  star,  like  others  of  the  same 
appearance.  I  have  no  doubt  but  that  the  instrument  through 
which  this  astronomer  generally  looked  out  for  comets,  had  a 
penetrating  power  much  more  than  sufficient  to  shew  the  new 
planet,  since  even  the  natural  eye  will  reach  it.  But  here  we 
have  an  instance  of  the  great  difference  in  the  effect  of  the  two 
sorts  of  powers  of  telescopes ;  for,  on  account  of  the  smallness 
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of  the  planet,  a  different  sort  of  power,  namely,  that  of  magni- 
fying, was  required  ;  and,  about  the  time  of  its  discovery,  I  had 
been  remarkably  attentive  to  an  improvement  of  this  power,  as 
I  happened  to  be  then  much  in  want  of  it  for  my  very  close 
double  stars.* 

On  examining  the  nebulas  which  had  been  discovered  by 
many  celebrated  authors,  and  comparing  my  observations  with 
the  account  of  them  in  the  Connoissance  des  Temps  for  1 783,  I 
found  that  most  of  those  which  I  could  not  resolve  into  stars 
with  instruments  of  a  small  penetrating  power,  were  easily- 
resolved  with  telescopes  of  a  higher  power  of  this  sort ;  and, 
that  the  effect  was  not  owing  to  the  magnifying  power  I  used 
upon  these  occasions,  will  fully  appear  from  the  observations ; 
for,  when  the  closeness  of  the  stars  was  such  as  to  require  a 
considerable  degree  of  magnifying  as  well  as  penetrating  power, 
it  always  appeared  plainly,  that  the  instrument  which  had  the 
highest  penetrating  power  resolved  them  best,  provided  it  had 
as  much  of  the  other  power  as  was  required  for  the  purpose. 

Sept.  20,  1783,  I  viewed  the  nebula  between  Flamsteed's 
99th  and  105th  Piscium,  discovered  by  Mr.  Mechain,  in  1780. 

"  It  is  not  visible  in  the  finder  of  my  7-feet  telescope;  but 
"  that  of  my  20-feet  shews  it." 

Oct.  28,  1784,  I  viewed  the  same  object  with  the  7-feet  tele- 
scope. 

"  It  is  extremely  faint.  With  a  magnifying  power  of  120,  it 
"  seems  to  be  a  collection  of  very  small  stars :  I  see  many  of 
«  them." 

•  Magnifying  powers  of  460,  625,  932,  1 159*  1504,  2010,  2398,  316s,  4294, 
5489,  6450,  6652,  were  used  upon  t  Bootis,  y  Lconis,  *  Lyrx,  ttc>  Sec  Cat.  of  double 
stars,  Phil.  Trans.  Vol.  LXXII.  page  115,  and  147  ;  and  Vol.  LXXV.  page  48. 
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At  the  time  of  these  observations,  my  7-feet  telescope  had 
only  a  common  finder,  with  an  aperture  of  the  object  glass  of 
about  ^  of  an  inch  in  diameter,  and  a  single  eye-lens ;  there- 
fore its  penetrating  power  was  ^  '^f^  =  3,56.  The  finder 

of  the  20-feet  instrument,  being  achromatic,  had  an  object 
glass  1,17 inch  in  diameter;  its  penetrating  power,  therefore, 

was  sSawo. 

Now,  that  one  of  them  shewed  the  nebula  and  not  the  other, 
can  only  be  ascribed  to  space-penetrating  power,  as  both  instru- 
ments were  equal  in  magnifying  power,  and  that  so  low  as  not 
to  require  an  achromatic  object  glass  to  render  the  image  suffi- 
ciently distinct. 

The  7-feet  reflector  evidently  reached  the  stars  of  the  nebula ; 
but  its  penetrating  and  magnifying  powers  are  very  consi- 
derable, as  will  be  shewn  presently. 

July  30,  1783,  I  viewed  the  nebula  south  preceding  Flam- 
steed's  24  Aquarii,  discovered  by  Mr.  Maraldi,  in  1746*. 

"  In  the  small  sweeper,*  this  nebula  appears  like  a  telescopic 
"  comet." 

Oct.  27,  1794.  The  same  nebula  with  a  7-feet  reflector. 

•  The  small  sweeper  is  a  Newtonian  reflector,  of  2  feet  focal  length  j  and,  witli 
an  aperture  of  4,2  inches,  has  only  a  magnifying  power  of  24,  and  a  field  of  view  20  12'. 
Its  distinctness  is  so  perfect,  that  it  will  shew  letters  at  a  moderate  distance,  with  a 
magnifying  power  of  2000;  and  its  movements  are  so  convenient,  that  the  eye  remains 
at  rest  white  the  instrument  makes  a  sweep  from  the  horizon  to  the  zenith. 

A  large  one  of  the  same  construction  has  an  aperture  of  9,2  inches,  with  a  focal 
length  of  5  feet  3  inches.  It  is  also  charged  low  enough  for  the  eye  to  take  in  the 
whole  optic  pencil ;  and  its  penetrating  power,  with  a  double  eye  glass,  is 

v/"  ,41  XQ2*—  21*    _  _„  __ 
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"  I  can  see  that  it  is  a  cluster  of  stars,  many  of  them  being 
"  visible." 

If  we  compare  the  penetrating  power  of  the  two  instruments, 
we  find  that  we  have  in  the  first  ^  ^x^*1-'**  =  12  g4 .  md 
in  the  latter  —  '43x63*-***  =  ao>25  However,  the  magnify- 
ing power  was  partly  concerned  in  this  instance ;  for,  in  the 
sweeper  it  was  not  sufficient  to  separate  the  stars  properly. 

March  4,  1783.  With  a  7-feet  reflector,  I  viewed  the  nebula 
near  the  5th  Serpentis,  discovered  by  Mr.  Messier,  in  1764. 

"  It  has  several  stars  in  it;  they  are  however  so  small  that  I 
"  can  but  just  perceive  some,  and  suspect  others." 

May  31,  1783.  The  same  nebula  with  a  10-feet  reflector; 

penetrating  power  — »43xj!9*-->6*     2g  ^ 

"  With  a  magnifying  power  of  250,  it  is  all  resolved  into 
"  stars :  they  are  very  close,  and  the  appearance  is  beautiful. 
"  With  600,  perfectly  resolved.  There  is  a  considerable  star  not 
"  far  from  the  middle ;  another  not  far  from  one  side,  but  out 
"  of  the  cluster;  another  pretty  bright  one;  and  a  great  number 
"  of  small  ones." 

Here  we  have  a  case  where  the  penetrating  power  of  ao  fell 
short,  when  29  resolved  the  nebula  completely.  This  object 
requires  also  great  magnifying  power  to  shew  the  stars  of  it 
well ;  but  that  power  had  before  been  tried,  in  the  7-feet,  as  far 
as  460,  without  success,  and  could  only  give  an  indication  of  its 
being  composed  of  stars ;  whereas  the  lower  magnifying  power 
of  250,  with  a  greater  penetrating  power,  in  the  10-feet  instru- 
ment, resolved  the  whole  nebula  into  stars. 
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May  s,  1783.  I  viewed  the  nebula  between  r,  and  f  Ophiuchi, 
discovered  by  Mr.  Messier,  in  1764. 

"  With  a  10-feet  reflector,  and  a  magnifying  power  of  250, 
"  I  see  several  stars  in  it,  and  make  no  doubt  a  higher  power, 
"  and  more  light,  will  resolve  it  all  into  stars.  This  seems  to  be 
"  a  good  nebula  for  the  purpose  of  establishing  the  connection 
'*  between  nebulae  and  clusters  of  stars  in  general." 

June  18,  1784,.  The  same  nebula  viewed  with  a  large  New- 
tonian 20- feet  reflector;  penetrating  power  —  ,43*^88  ~21 
=  61,18 ;  and  a  magnifying  power  of  157. 

"  A  very  large  and  very  bright  cluster  of  excessively  com- 
"  pressed  stars.  The  stars  are  but  just  visible,  and  are  of  une- 
•«  qual  magnitudes :  the  large  stars  are  red ;  and  the  cluster  is 
**  a  miniature  of  that  near  Flamsteed's  4,2d  Comae  Berenices. 
«  RA  I7h  6'  32" ;  PD  1080  18V 

Here,  a  penetrating  power  of  29,  with  a  magnifying  power  of 
250,  would  barely  shew  a  few  stars  ;  when,  in  the  other  instru- 
ment, a  power  61  of  the  first  sort,  and  only  157  of  the  latter, 
shewed  them  completely  well. 

July  4,  1783.  I  viewed  the  nebula  between  Flamsteed's  25 
and  26  Sagittarii,- discovered  by  Abraham  Ihle,  in  166$. 

"  With  a  small  20-feet  Newtonian  telescope,  power  200, 
"  it  is  all  resolved  into  stars,  that  are  very  small  and  close. 
* 1  There  must  be  some  hundreds  of  them.  With  350, 1  see  the 
"  stars  very  plainly ;  but  the  nebula  is  too  low  in  this  latitude 
"  for  such  a  power." 

July  12, 1784.  I  viewed  the  same  nebula  with  a  large  20-feet 
Newtonian  reflector;  power  1,57. 

M  A  most  beautiful  extensive  cluster  of  stars,  of  various  mag- 
•«  nitudes,  very  compressed  in  the  middle,  and  about  8'  in 
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M  diameter,  besides  the  scattered  ones,  which  do  more  than  fill 
M  the  extent  of  the  field  of  view  :*  the  large  stars  are  red ;  the 
•«  small  ones  are  pale  red.    RA  i8h  33'  39";  PD  1 140  7'." 

The  penetrating  power  of  the  first  instrument  was  39,  that 
of  the  latter  61 ;  but,  from  the  observations,  it  is  plain  how 
much  superior  the  effect  of  the  latter  was  to  that  of  the  former, 
notwithstanding  the  magnifying  power  was  so  much  in  favour 
of  the  instrument  with  the  small  penetrating  power. 

July  30, 1783.  With  a  small  20 -feet  Newtonian  reflector,  I 
viewed  the  nebula  in  the  hand  of  Serpentarius,  discovered  by 
Mr.  Messier,  in  176*4. 

14  With  a  power  of  200,  I  see  it  consists  of  stars.  They  are 
"  better  visible  with  300.  With  600,  they  are  too  obscure  to  be 
"  distinguished,  though  the  appearance  of  stars  is  still  preserved. 
"  This  seems  to  be  one  of  the  most  difficult  objects  to  be 
"resolved.  With  me,  there  is  not  a  doubt  remaining;  but 
u  another  person,  in  order  to  form  a  judgment,  ought  previously 
"  to  go  through  all  the  several  gradations  of  nebulae  which  I 
"  have  resolved  into  stars." 

May  25,  1791.  I  viewed  the  same  nebula  with  a  20-feet 
reflector  of  my  construction,  having  a  penetrating  power  of 

 1  —  =  75,08. 

«  With  a  magnifying  power  of  157,  it  appears  extremely 
"  bright,  round,  and  easily  resolvable.  With  300,  I  can  see  the 
"  stars.  It  resembles  the  cluster  of  stars  taken  at  16*  43'  40",+ 

•  This  field,  by  the  passage  of  an  equatorial  star,  was  15/  3*. 

f  The  object  referred  to  is  No.  10.  of  the  Connoissance  desTemfis  for  1783,  called 
»«  Nebuleuse  sans  etoilts."  My  description  of  it  is,  "  A  rery  beautiful,  and  extremely 
"  compressed,  cluster  of  start :  the  most  compressed  part  about  3  or  4'  in  diameter. 
"  RA  16*46' a';  PDo3e46'." 
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««  which  probably  would  put  on  the  same  appearance  as  this, 
"  if  it  were  at  a  distance  half  as  far  again  as  it  is.  RA  i7k  26' 
"  19";  PD  930  10'." 

Here  we  may  compare  two  observations ;  one  taken  with  the 
penetrating  power  of  39,  the  other  with  75 ;  and,  although  the 
former  instrument  had  far  the  advantage  in  magnifying  power, 
the  latter  certainly  gave  a  more  complete  view  of  the  object. 

The  20-feet  reflector  having  been  changed  from  the  New- 
ton ian  form  to  my  present  one,  I  had  a  very  striking  instance 
of  the  great  advantage  of  the  increased  penetrating  power,  in 
the  discovery  of  the  Georgian  satellites.  The  improvement,  by 
laying  aside  the  small  mirror,  was  from  61  to  75;  and,  whereas 
the  former  was  not  sufficient  to  reach  these  faint  objects,  the 
latter  shewed  them  perfectly  well. 

March  14,  1798.  I  viewed  the  Georgian  planet  with  a  new 

25-feet  reflector.  Its  penetrating  power  is  — ,6+ *     -  =  95,85; 

and,  having  just  before  also  viewed  it  with  my  20-feet  instru- 
ment, I  found,  that  with  an  equal  magnifying  power  of  300,  the 
25-feet  telescope  had  considerably  the  advantage  of  the  former. 

Feb.  24,  1786.  I  viewed  the  nebula  near  Flamsteed's  5th 
Serpentis,  which  has  been  mentioned  before,  with  my  20-feet 
reflector;  magnifying  power  157. 

"  The  most  beautiful  extremely  compressed  cluster  of  small 
«  stars ;  the  greatest  part  of  them  gathered  together  into  one 
"  brilliant  nucleus,  evidently  consisting  of  stars,  surrounded 
"  with  many  detached  gathering  stars  of  the  same  size  and 
"  colour.    RA  i5h  7'  12";  PD  870  8'." 

May  27,  1791.  I  viewed  the  same  object  with  my  40-fect 
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telescope;  penetrating  power  S^AitS!  =  191,69;  magnify- 
ing power  370. 

"  A  beautiful  cluster  of  stars.  I  counted  about  200  of  them. 
"  The  middle  of  it  is  so  compressed  that  it  is  impossible  to  dis- 
"  tinguish  the  stars."  , 

Here  it  appears,  that  the  superior  penetrating  power  of  the  40- 
feet  telescope  enabled  me  even  to  count  the  stars  of  this  nebula. 
It  is  also  to  be  noticed,  that  the  object  did  not  strike  me  as 
uncommonly  beautiful ;  because,  with  much  more  than  double 
the  penetrating,  and  also  more  than  double  the  magnifying 
power,  the  stars  could  not  appear  so  compressed  and  small  as 
in  the  20-feet  instrument:  this,  very  naturally,  must  give  it 
more  the  resemblance  of  a  coarser  cluster  of  stars,  such  as  I  had 
been  in  the  habit  of  seeing  frequently. 

The  40-feet  telescope  was  originally  intended  to  have  been 
of  the  Newtonian  construction ;  but,  in  the  year  1787,  when 
I  was  experimentally  assured  of  the  vast  importance  of  a  power 
to  penetrate  into  space,  I  laid  aside  the  work  of  the  small  mirror, 
which  was  then  in  hand,  and  completed  the  instrument  in  its 
present  form. 

"Oct.  10,  1791.  I  saw  the  4th  satellite  and  the  ring  of 
"  Saturn,  in  the  40-feet  speculum,  without  an  eye  glass." 

The  magnifying  power  on  that  occasion  could  not  exceed  60 
or  70 ;  but  the  great  penetrating  power  made  full  amends  for 
the  lowness  of  the  former;  notwithstanding  the  greatest  part 
of  it  must  have  been  lost  for  want  of  a  greater  opening  of  the 
iris,  which  could  not  take  in  the  whole  pencil  of  rays,  for  this 
could  not  be  less  than  7  or  8  tenths  of  an  inch. 


Digitized  by  Google 


penetrating  into  Space  by  Telescopes.  77 

Among  other  instances  of  the  superior  effects  of  penetration  into 
space,  I  should  mention  the  discovery  of  an  additional  6th  satel- 
lite of  Saturn,  on  the  28th  of  August,  1 789 ;  and  of  a  7th,  on  the 
11th  of  September,  in  the  same  year ;  which  were  first  pointed 
out  by  this  instrument.  It  is  true  that  both  satellites  are  within 
the  reach  of  the  20-feet  telescope;  but  it  should  be  remembered, 
that  when  an  object  is  once  discovered  by  a  superior  power,  an 
inferior  one  will  suffice  to  see  it  afterwards.  I  need  not  add,  that 
neither  the  7  nor  1  effect  telescopes  will  reach  them;  their 
powers,  20  and  29,  are  not  sufficient  to  penetrate  to  such  distant 
objects,  when  the  brightness  of  them  is  not  more  than  that 
of  these  satellites.  It  is  also  evident,  that  the  failure  in  these 
latter  instruments,  arises  not  from  want  of  magnifying  power; 
as  either  of  them  has  much  more  than  sufficient  for  the  purpose. 

Nov.  5,  1791.  I  viewed  Saturn  with  the  20  and  40-feet 
telescopes. 

"  20-feet.  The  5th  satellite  of  Saturn  is  very  small.  The  1st, 
"  2d,  3d,  4th,  5th,  and  the  new  6th  satellite,  are  in  their  cal- 
"  culated  places." 

"  4,0-feet.  I  see  the  new  6th  satellite  much  better  with  this 
•«  instrument  than  with  the  20-feet.  The  5th  is  also  much  larger 
«  here  than  in  the  20-feet ;  in  which  it  was  nearly  the  same  size 
«  as  a  small  fixed  star,  but  here  it  is  considerably  larger  than 
"  that  star." 

Here  the  superior  penetrating  power  of  the  4,0-feet  telescope 
shewed  itself  on  the  6th  satellite  of  Saturn,  which  is  a  very  faint 
object ;  as  it  had  also  a  considerable  advantage  in  magnifying 
power,  the  disk  of  the  5th  satellite  appeared  larger  than  in  the 
20-feet.    But  the  small  star,  which  may  be  said  to  be  beyond 
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the  reach  of  magnifying  power,  could  only  profit  by  the  supe- 
riority of  the  other  power. 

Nov.  21,  1791.  40-feet  reflector ;  power  370. 

"  The  black  division  upon  the  ring  is  as  dark  as  the  heavens 
"  about  Saturn,  and  of  the  same  colour." 

w  The  shadow  of  the  body  of  Saturn  is  visible  upon  the  ring, 
M  on  the  following  side;  its  colour  is  very  different  from  that 
"  of  the  dark  division.  The  5th  satellite  is  less  than  the  3d ;  it 
"  is  even  less  than  the  2d." 

- 

fo-feet  reflector ;  power  300. 

"  The  3d  satellite  seems  to  be  smaller  than  it  was  the  last  night 
"  but  one.  The  4th  satellite  seems  to  be  larger  than  it  was  the 
"  19th.  This  telescope  shews  the  satellites  not  nearly  so  well 
"  as  the  40-feet." 

Here,  the  magnifying  power  being  nearly  alike,  the  superi- 
ority of  the  40-feet  telescope  must  be  ascribed  to  its  penetrating 

power. 

» 


The  different  nature  of  the  two  powers  above  mentioned  being 
thus  evidently  established',  I  must  now  remark,  that,  in  some 
respects,  they  even  interfere  with  each  other;  a  few  instances  of 
which  I  shall  give. 

August  24,  1783.  I  viewed  the  nebula  north  preceding 
Flamsteed's  1  Trianguli,  discovered  by  Mr.  Messier,  in  1764. 

"  7-feet  reflector ;  power  57.  There  is  a  suspicion  that  the 
u  nebula  consists  of  exceedingly  small  stars.    With  this  low 
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u  power  it  has  a  nebulous  appearance ;  and  it  vanishes  when  I 
"  put  on  the  higher  magnifying  powers  of  278  and  4,60." 

Oct  28,  1794.  I  viewed  the  same  nebula  with  a  7-feet 
reflector. 

"  It  is  large,  but  very  faint.  With  120,  it  seems  to  be  com- 
M  posed  of  stars,  and  I  think  I  see  several  of  them ;  but  it  will 
"  bear  no  magnifying  power." 

In  this  experiment,  magnifying  power  was  evidently  injurious 
to  penetrating  power.  I  do  not  account  for  this  upon  the  principle 
that  by  magnifying  we  make  an  object  less  bright ;  for,  when 
opticians  have  also  demonstrated  that  brightness  is  diminished 
by  magnifying,  it  must  again  be  understood  as  relating  only  to 
the  intrinsic  brightness  of  the  magnified  picture;  its  absolute 
brightness,  which  is  the  only  one  that  concerns  us  at  present, 
'must  always  remain  the  same  *  The  real  explanation  of  the 
fact,  I  take  to  be,  that  while  the  light  collected  is  employed  in 
magnifying  the  object,  it  cannot  be  exerted  in  giving  penetrating 
power. 


•  This  may  be  proved  thus.  The  mean  intrinsic  brightness,  or  rather  illumination, 
of  a  point  of  the  picture  on  the  retina,  will  be  all  the  light  that  falls  on  the  picture, 

divided  by  the  number  of  its  points ;  or  C  rr  jr.  Now,  since  with  a  greater  magni- 
fying power  m,  the  number  of  points  N  increases  as  the  squares  of  the  power,  the 

expression  for  the  intrinsic  brightness       will  decrease  in  the  same  ratio ;  and  it  will 

consequently  be  in  general  tt  cc  m*,  and      or  C  ot         ',  that  is,  by  compounding 
tn* 

CN  oc  -jjjjf  s/si]  or  absolute  brightness  a  given  quantity.    M.  Boucoaa  has 

carefully  distinguished  intrinsic  and  absolute  brightness,  when  he  speaks  of  the  quan- 
tity of  light  reflected  from  a  wall,  at  different  distances.  Traite  d'Optique,  page  39, 
and  40. 
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June  18,  1799.  I  viewed  the  planet  Venus  with  a  10-feet 
reflector. 

«  Its  light  is  so  vivid  that  it  does  not  require,  nor  will  it  bear, 
u  a  penetrating  power  of  29,  neither  with  a  low  nor  with  a 
"  high  magnifying  power." 

This  is  not  owing  to  the  least  imperfection  in  the  mirror, 
which  is  truly  parabolical,  and  shews,  with  all  its  aperture  open, 
and  a  magnifying  power  of  600,  the  double  star  y  Leonis  in 
the  greatest  perfection. 

"  It  shewed  Venus,  perfectly  well  defined,  with  a  penetrating 
u  power  as  low  as  14,  and  a  magnifying  power  of  400,  or  600." 

Here,  penetrating  power  was  injurious  to  magnifying  power; 
and  that  it  necessarily  must  be  so,  when  carried  to  a  high  pitch, 
is  evident ;  for,  by  enlarging  the  aperture  of  the  telescope,  we 
increase  the  evil  that  attends  magnifying,  which  is,  that  we 
cannot  magnify  the  object  without  magnifying  the  medium. 
Now,  since  the  air  is  very  seldom  of  so  homogeneous  a  dispo- 
sition as  to  admit  to  be  magnified  highly,  it  follows  that  we 
must  meet  with  impurities  and  obstructions,  in  proportion  to 
its  quantity.  But  the  contents  of  the  columns  of  air  through 
which  we  look  at  the  heavens  by  telescopes,  being  of  equal 
lengths,  must  be  as  their  bases,  that  is,  as  the  squares  of  the 
apertures  of  the  telescopes ;  and  this  is  in  a  much  higher  ratio 
than  that  of  the  increase  of  the  power  of  penetrating  into  space. 
From  my  long  experience  in  these  matters,  I  am  led  to  appre- 
hend, that  the  highest  power  of  magnifying  may  possibly  not 
exceed  the  reach  of  a  20  or  25-feet  telescope ;  or  may  even  lie  in 
a  less  compass  than  either.  However,  in  beautiful  nights,  when 
the  outside  of  our  telescopes  is  dropping  with  moisture  dis- 
charged from  the  atmosphere,  there  are  now  and  then  favourable 
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hours,  in  which  it  is  hardly  possible  to  put  a  limit  to  magni- 
fying power.  But  such  valuable  opportunities  are  extremely 
scarce;  and,  with  large  instruments,  it  will  always  be  lost  labour 
to  observe  at  other  times. 

As  I  have  hinted  at  the  natural  limits  of  magnifying  power, 
I  shall  venture  also  to  extend  my  surmises  to  those  of  pene- 
trating power.  There  seems  to  be  room  for  a  considerable 
increase  in  this  branch  of  the  telescope ;  and,  as  the  penetrating 
power  of  my  40-feet  reflector  already  goes  to  191,69,  there  can 
hardly  be  any  doubt  but  that  it  might  be  carried  to  500,  and 
probably  not  much  farther.  The  natural  limit  seems  to  be  an 
equation  between  the  faintest  star  that  can  be  made  visible,  by 
any  means,  and  the  united  brilliancy  of  star-light.  For,  as  the 
light  of  the  heavens,  in  clear  nights,  is  already  very  considerable 
in  my  large  telescope,  it  must  in  the  end  be  so  increased,  by 
enlarging  the  penetrating  power,  as  to  become  a  balance  to 
the  light  of  all  objects  that  are  so  remote  as  not  to  exceed  in 
brightness  the  general  light  of  the  heavens.    Now,  if  P  be  put 

for  penetrating  power,  we  have  y/"^~  =  A  =  10  feet  5,2 

inches  for  an  aperture  of  a  reflector,  on  my  construction,  that 
would  have  such  a  power  of  500. 

But,  to  return  to  our  subject ;  from  what  has  been  said  before, 
we  may  conclude,  that  objects  are  viewed  in  their  greatest  per- 
fection, when,  in  penetrating  space,  the  magnifying  power  is 
so  low  as  only  to  be  sufficient  to  shew  the  object  well ;  and 
when,  in  magnifying  objects,  by  way  of  examining  them  mi- 
nutely, the  space-penetrating  power  is  no  higher  that  what  will 
suffice  for  the  purpose ;  for,  in  the  use  of  either  power,  the  inju- 
dicious overcharge  of  the  other,  will  prove  hurtful  to  perfect 
vision. 

mdccc.  M 
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It  is  remarkable  that,  from  very  different  principles,  I  have 
formerly  determined  the  length  of  the  visual  ray  of  my  20-feet 
telescope  upon  the  stars  of  the  milky  way,  so  as  to  agree  nearly 
with  the  calculations  that  have  been  given.*  The  extent  of 
what  I  then  figuratively  called  my  sounding  line,  and  what  now 
appears  to  answer  to  the  power  of  penetrating  into  space,  was 
shewn  to  be  not  less  than  415,  46*1,  and  497  times  the  distance 
of  Sirius  from  the  sun.  We  now  have  calculated  that  my  tele- 
scope, in  the  Newtonian  form,  at  the  time  when  the  paper  on 
the  Construction  of  the  Heavens  was  written,  possessed  a  power 
of  penetration,  which  exceeded  that  of  natural  vision  6*1,18  times; 
and,  as  we  have  also  shewn,  that  stars  at  8,  9,  or  at  most  10 
times  the  distance  of  Sirius,  must  become  invisible  to  the  eye, 
we  may  safely  conclude,  that  no  single  star,  above  489, 551,  or 
at  most  612  times  as  far  as  Sirius,  can  any  longer  be  seen  in 
this  telescope.  Now,  the  greatest  length  of  the  former  visual 
ray,  497,  agrees  nearly  with  the  lowest  of  these  present  numbers, 
489 ;  and  the  higher  ones  are  all  in  favour  of  the  former  com- 
putation ;  for  that  ray,  though  taken  from  what  was  perhaps 
not  far  from  its  greatest  extent,  might  possibly  have  reached  to 
some  distance  beyond  the  apparent  bounds  of  the  milky  way : 
but,  if  there  had  been  any  considerable  difference  in  these  deter- 
minations, we  should  remember  that  some  of  the  data  by  which 
I  have  now  calculated  are  only  assumed.  For  instance,  if  the 
opening  of  the  iris,  when  we  look  at  a  star  of  the  7th  magnitude, 
should  be  only  one-tenth  of  an  inch  and  a  half,  instead  of  two, 
then  a,  in  our  formula,  will  be  =  1,5;  which,  when  resolved, 

•  Phil.  Tnuw.  Vol.  LXXV.  page  147,  248. 
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will  give  a  penetrating  power  of  81,58;  and  therefore,  on  this 
supposition,  our  telescope  would  easily  have  shewn  stars  571 
times  as  far  from  us  as  Sirius ;  and  only  those  at  653,  73  |,  or 
816  times  the  same  distance,  would  have  been  beyond  its  reach. 
My  reason  for  fixing  upon  two-tenths,  rather  than  a  lower  quan- 
tity, was,  that  I  might  not  run  a  risk  of  over-rating  the  powers 
of  my  instruments.  I  have  it  however  in  contemplation,  to 
determine  this  quantity  experimentally,  and  perceive  already, 
that  the  difficulties  which  attend  this  subject  may  be  overcome. 


It  now  only  remains  to  shew,  how  far  the  penetrating  power, 
192,  of  my  large  reflector,  will  really  reach  into  space.  Then, 
since  this  number  has  been  calculated  to  be  in  proportion  to  the 
standard  of  natural  vision,  it  follows,  that  if  we  admit  a  star  of 
the  7th  magnitude  to  be  visible  to  the  unassisted  eye,  this  tele- 
scope will  shew  stars  of  the  one  thousand  three  hundred  and 
forty-second  magnitude. 

But,  as  we  did  not  stop  at  the  single  stars  above  mentioned, 
when  the  penetration  of  the  natural  eye  was  to  be  ascertained, 
so  we  must  now  also  call  the  united  lustre  of  sidereal  systems 
to  our  aid  in  stretching  forwards  into  space.  Suppose  therefore, 
a  cluster  of  5000  stars  to  be  at  one  of  those  immense  distances 
to  which  only  a  40-feet  reflector  can  reach,  and  our  formula 
will  give  us  the  means  of  calculating  what  that  may  be.  For, 
putting  S  for  the  number  of  stars  in  the  cluster,  and  D  for  its 

distance,  we  have  — - —  =  D ;  *  which,  on  computation, 


•  D  —  117654759486786780791711105. 

M  2 
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comes  out  to  be  above  millions  of  millions  of  millions  of 
miles!  A  number  which  exceeds  the  distance  of  the  nearest 
fixed  star,  at  least  three  hundred  thousand  times. 


From  the  above  considerations  it  follows,  that  the  range  for 
observing,  with  a  telescope  such  as  my  40-feet  reflector,  is 
indeed  very  extensive.  We  have  the  inside  of  a  sphere  to  exar 
mine,  the  radius  of  which  is  the  immense  distance  just  now 
assigned  to  be  within  the  reach  of  the  penetration  of  our  instru- 
ments, and  of  which  all  the  celestial  objects  visible  to  the  eye, 
put  together,  form  as  it  were  but  the  kernel,  while  all  the  im- 
mensity of  its  thick  shell  is  reserved  for  the  telescope. 

It  follows,  in  the  next  place,  that  much  time  must  be  required 
for  going  through  so  extensive  a  range.  The  method  of  exa- 
mining the  heavens,  by  sweeping  over  space,  instead  of  looking 
merely  at  places  that  are  known  to  contain  objects,  is  the  only 
one  that  can  be  useful  for  discoveries. 

In  order  therefore  to  calculate  how  long  a  time  it  must  take 
to  sweep  the  heavens,  as  far  as  they  are  within  the  reach  of  my 
40-feet  telescope,  charged  with  a  magnifying  power  of  1000, 
I  have  had  recourse  to  my  journals,  to  find  how  many  favour- 
able hours  we  may  annually  hope  for  in  this  climate.  It  is  to 
be  noticed,  that  the  nights  must  be  very  clear;  the  moon 
absent;  no  twilight;  no  haziness;  no  violent  wind;  and  no 
sudden  change  of  temperature;  then  also,  short  intervals  for 
filling  up  broken  sweeps  will  occasion  delays ;  and,  under  all 
these  circumstances,  it  appears  that  a  year  which  will  afford  90, 
or  at  most  100  hours,  is  to  be  called  very  productive. 
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In  the  equator,  with  my  20-feet  telescope,  I  have  swept  over 
zones  of  two  degrees,  with  a  power  of  157 ;  but,  an  allowance 
of  10  minutes  in  polar  distance  must  be  made,  for  lapping  the 
sweeps  over  one  another  where  they  join. 

As  the  breadth  of  the  zones  may  be  increased  towards  the 
poles,  the  northern  hemisphere  may  be  swept  in  about  40  zones  : 
to  these  we  must  add  19  southern  zones ;  then,  59  zones, 
which,  on  account  of  the  sweeps  lapping  over  one  another  about 
y  of  time  in  right  ascension,  we  must  reckon  of  25  hours  each, 
will  give  1475  hours.  And,  allowing  100  hours  per  year,  we 
find  that,  with  the  20-feet  telescope,  the  heavens  may  be  swept 
in  about  14  years  and  ^. 

Now,  the  time  of  sweeping  with  different  magnifying  powers 
will  be  as  the  squares  of  the  powers  ;  and,  putting  p  and  /  for 
the  power  and  time  in  the  20-feet  telescope,  and  P  =  1000  for 

the  power  in  the  4,0,  we  shall  have  />*  :  t  :  :  P% :  -y  =  59840. 

Then,  making  the  same  allowance  of  100  hours  per  year,  it 
appears  that  it  will  require  not  less  than  598  years,  to  look  with 
the  40-feet  reflector,  charged  with  the  abovementioned  power, 
only  one  single  moment  into  each  part  of  space;  and,  even 
then,  so  much  of  the  southern  hemisphere  will  remain  unex- 
plored, as  will  take  up  213  years  more  to  examine. 

Slough,  near  Windsor, 
June  20,  1799. 
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V.  A  second  Appendix  to  the  improved  Solution  of  a  Problem  in 
physical  Astronomy,  inserted  in  the  Philosophical  Transactions 
for  the  Tear  1798,  containing  some  further  Remarks,  and 
improved  Formulae  for  computing  the  Coefficients  A  and  B ; 
by  which  the  arithmetical  Work  is  considerably  shortened  and 
facilitated.  By  the  Rev.  John  Hellins,  B.  D.  F.  R.  S.  and 
Vicar  of  Potter's  Pury,  in  Northamptonshire. 

■ 

Read  December  12,  1799. 

1.  It  was  shewn,  in  Art.  9.  of  the  first  Appendix,  that  the 
common  logarithm  of  the  fraction  l  +  y/^l~c  c^  when  c  is  ex- 
pressed in  numbers,  might  be  taken  out  from  Taylor's  excel- 
lent tables,  and  converted  into  an  hyperbolic  logarithm  by 
means  of  table  XXXVII.  of  Dodson's  Calculator;  which 

method  of  obtaining  the  H.  L.  l  +  ^(\—c.c).  \s  undoubtedly  easier 

and  shorter  than  the  more  obvious  one  of  first  computing  the 
numerical  value  of  that  fraction,  and  then  taking  out  the  hyper- 
bolic logarithm  corresponding  to  it  from  a  table.  But  yet,  that 
method  of  obtaining  the  value  of  a,  easy  as  it  is,  requires,  first, 
a  search  in  the  table  for  the  angle  of  which  c  is  the  sine,  and 
generally  a  proportion  for  the  fractional  parts  of  a  second; 
then,  a  division  of  the  degrees,  minutes,  and  seconds  contained 
in  that  angle,  by  2  ;  and,  thirdly,  another  search  for  the  loga- 
rithmic tangent  of  half  the  angle,  and  another  proportion  to 
find  the  fractional  parts  of  a  second.    I  was  therefore  desirous 
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of  finding  some  easier  and  shorter  method  of  performing  the 
whole  business,  without  the  use  of  any  trigonometrical  tables, 
in  which  time  is  required,  not  only  in  searching  for  logarithms, 
but  also  in  making  proportions  for  the  fractional  parts  of  a 
second ;  and,  after  some  consideration,  I  discovered  that  which 
I  am  now  to  explain. 

This  method,  then,  together  with  some  further  observations 
which  I  have  made  for  facilitating  and  abridging  the  work  of 
computing  the  values  of  A  and  B,  will  make  up  the  contents 
of  this  Paper. 

2.  The  H.L.  1 +  t  which  was  denoted  by  «,  both  in 

the  solution  of  the  problem  and  in  the  Appendix,  is  =  H.  L. 
*  c±  Jil  -  &c.  atid  if,  for  the  sake  of  distmc- 

e   '        22       244  246.6' 

tion,  the  Roman  letter  a  be  put  for  H.  L.  -i-j  we  shall  have  a  =  a 
__  £1  — (of  which  series,  the  first  three  terms  arc  suffi- 
dent  for  our  present  purpose) ;  and  this  value  of  a  being  written 
for  it  in  the  expression  a  ( 1  -f-  ■$"  cc  -f  -f-f  r*),  which  occurs  in 
the  first  theorem  in  Art.  1 2.  of  the  first  Appendix,  we  shall 
have  (l  +  \cc  +  ✓)  x  (a  -  2.  ^=£p7] ;  that  is,  by  ac- 
tual multiplication, 

.  since  H.  L.  — "  T4T  +  ife*  "*  ^        *'  * 

the  first  Appendix.)  the  H.  L.l±^Z£fl->i!l  be  =  _         _  - 

.        ,   »  +  ✓(•  —  cc)    I      2      I  +  v/{ >  —  cc)  \    ....       u  . 
c**.  and  consequently  H.  L.  ■        g  ->  I  =  —  *         *  J  wdl  be  =  H.  L. 
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Now  the  terms  —  i  cc  and  —  ^  c*  may  very  easily  be  added 
to  the  terms/*: c  and  to  0-1036802  cc  and  0*0687064,^, 

which  will  then  become  —  o- 1463198  cct  and  01 187936  c4 ; 
and,  by  denoting  the  coefficients  of  these  new  terms  by  the 
Roman  letters  —  f  and  —  g  respectively,  the  first  theorem  in 
the  Art.  before  mentioned,  or  the  value  of  A,  is 

,       (^r  +  e-fcc-gc- 

3.  The  expression  «  +  cc  +  c'),  which  occurs 
in  the  value  of  A',  in  Art.  is.  of  the  first  Appendix,  is  = 

■  -  7  «  -  "jrr  c" 


_3_  o  _J  3-S  n  r  r  _1_  q* 


12.32 


16  ct  12.16 


Here  again  tlie  terms  —  and  —  — c*  may  very  easily 
be  added  to  the  terms  ice  and  kc*,  i.e.  to  o  0551502CC  and 
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0  0408309  c4,  and  we  shall  have  the  two  new  terms  — 
0-1323498  cc  and  —  0*1076091  c4.  Let  the  coefficients  of  these 
two  new  terms  be  denoted  by  the  Roman  letters  —  i  and  —  k 
respectively,  and  the  second  theorem  in  Art.  12  of  the  first 
Appendix  becomes 

,      Kf-j*r  + -5- + 
-(*+»)fx1  +AR  +  J±a„  +  J±"lt. 

L  1    4       1   4-*2  '   412  32 

4.  The  product  of  a  (2  +\cc  -f-^c4),  which  is  found  in 
the  third  theorem  of  the  Art.  before  referred  to,  is  = 


A'  = 


a  -cc 


4  48 


2  a  -f  ^-acc  4-  j%  ac4]      r      ,  ,        ,    _  4 
'V  f2a-[-  ^-acc-4-.^-at4 


12        1  1 6      I      f  2a  4-  4- acc  4- 


Here  likewise,  the  terms  —  £cc  and  —  may  be  added 
to  0-3465736 cc  and  ©-1793226c4,  which  are  =  lec  and  mc* 
respectively;  the  coefficients  of  which  being  denoted  by  the 
Roman  letters  1  and  m,  the  third  theorem  in  the  Art.  before 
referred  to  becomes 


T>    2«     A  2 


p  —  lec  —  mc4 


l  +  2a  +  |acc+  r^-ac\ 

5.  These  new  forms  to  which  the  theorems  are  now  brought, 
it  is  evident,  are  no  less  convenient,  and  on  examination  they 
•will  be  found  no  less  accurate,  than  the  original  ones  ;  and,  that 

the  common  logarithm  of  -i,  (and  consequently  the  hyperbolic 

logarithm  of  it,)  is  much  more  easily  and  expeditiously  obtained 
mdccc.  N 
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than  the  common  logarithm  of  l+^^"cc' t  even  with  the  use  of 

Taylor's  excellent  tables,  is  too  obvious  to  need  a  description ; 
and  therefore  it  follows,  that  a  computation  by  these  new /or- 
mula  will  be  easier  and  shorter  than  by  those  in  the  first 
Appendix. 

6.  But  there  are  still  some  expedients  by  which  the  compu- 
tations of  A,  B,  &c.  may  be  further  facilitated  and  abridged. 

It  is  pretty  evident,  to  any  one  who  contemplates  the  coeffi- 
cients of  the  logarithmic  terms  in  the  first  three  theorems,  that 

the  terms  a  +  |  a.cc  -f  -g-f"  ac*»  m  tne  ^rst  theorem,  being  once 
found,  the  logarithmic  terms  of  the  second  and  third  theorems 
may  most  easily  be  derived  from  them;  in  consequence  of 
which,  the  greater  part  of  the  time  of  writing  down  the  loga- 
rithms of  yy,  J,  and  -j^,  of  twice  writing  down  the 
logarithms  of  acc  and  ac4,  and  of  searching  in  the  tables  for 

the  numbers  corresponding  to  -^a<T,  and  3ls1'>  ->  ac4,  in  the 
second  theorem,  and  for  those  which  correspond  to  £acr,  and 
ac4,  in  the  third  theorem,  is  saved.  These  are  the  expedients 
which  I  am  next  to  explain. 

7.  The  three  terms  a,  |acr,  and  -jj-*c\  which  are  found  in 

the  first  theorem,  are  evidently  to  the  three  terms  |a,  —-^cc, 

and  3  *'21  ac4,  which  are  found  in  the  second  theorem,  in  the 
4.12.32 

ratio  of  1  to  -J,  1  to  £ ,  and  1  to  J  respectively ;  or  as  1  to  1  — 
1  to  1  —     and  1  to  1  —  J ;  by  which  mixed  numbers,  the 
logarithmic  terms  in  the  second  theorem  may  more  easily  be 
derived  from  those  in  the  first  theorem,  than  by  the  fractions, 
as  will  appear  further  on. 
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8.  It  is  no  less  evident,  that  the  three  logarithmic  terms  a, 

|ac<r,  and-H-ac4,  mentioned  in  the  preceding  Art.  are  to  the 

three  logarithmic  terms  2a,  -Jacr,  and-j^ac4,  which  occur  in 

the  third  theorem,  in  the  ratio  of  1  to  2,  1  to  J,  and  1  to  £ 
respectively ;  or  as  1  to  1  -J-  1,  1  to  1  -f-  i,  and  1  to  1  -j- ;  by 
which  mixed  numbers,  as  was  observed  in  the  preceding  Art. 
the  logarithmic  terms  in  the  third  theorem  may  be  more  easily 
derived  from  those  in  the  first  theorem,  than  by  the  fractions. 

9.  The  first  of  the  logarithmic  terms  in  the  first  theorem  has 
already  been  denoted  by  the  Roman  letter  a;  now  let  the 

second  and  third,  viz.  ±  acc,  and  -~  ac\  be  denoted  by  the 

Roman  letters  b  and  c  respectively ;  and  let  the  sum  of  these 

three  terms,  viz.  a    1  ace  -j-  -|y  ac4,  now  denoted  by  a  +  b-f-  c, 

be  put=S;  then,  by  Art.  7.  the  logarithmic  terms  in  the 
second  theorem  will  be  (1  —     a,  (1 — £)b,  and  (1  —  |)c; 

and  the  sum  of  these  terms  will  be  a-fb-fc  —  ~  —  g» 

c=  S — — -j  —  y,  wnere  s  is  given,  it  being  =  the  three 
logarithmic  terms  in  the  first  theorem,  with  which  the  compu- 
tation ought  to  begin ;  and  the  and  ~  of  these  terms  respec- 
tively, are  very  easily  computed  without  the  use  of  logarithms, 
as  will  hereafter  appear  by  an  example. 

And  the  logarithmic  terms  in  the  third  theorem  will  likewise 
be  denoted  by  2  a,  (l-f-i)b,  and  ( 1  +  3-)  c  respectively;  the 

6um  of  which  is  =  a-|-b-fc-fa-fib-f-|c  =  S-f-a-}-  —  -f  — , 

3  5 

where  S,  as  well  as  a,  b,  and  c,  being  given,  the  fractional  parts 
are  very  easily  computed  without  the  use  of  logarithms. 

10.  Having  now  described  these  short  and  easy  methods  of 

N2 
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computing  the  values  of  a,  b,  and  c,  and  of  deriving  the  other 
logarithmic  terms  from  them,  and  having  introduced  a  new 
and  more  compendious  notation  of  several  of  the  terms  in  each 
of  the  first  three  theorems,  it  will  be  proper  next  to  exhibit  those 
theorems  in  this  improved  state,  and,  after  that,  to  give  an 
example  or  two  of  computing  by  them. 

+  *  —  icc  —  kf 
1  s     _L     —  .1 

{.    p  —  Uc —  mc4 
+  S  +  a  +  }  +  i-. 

Or,  putting  A  to  denote  the  product  of  wl*b)1  x  \  b  c 

this  theorem  will  be  more  concisely  and  commodiously  ex- 
pressed thus;  B  =  y  (Ad  —  A). 
4.  B'  =  y  (A'a  —  A).    N.  B.  S  =  a  +  b  +  c. 

XI.  We  might  now  proceed  to  an  example  of  computing  by 
these  theorems ;  but  it  will  be  very  convenient  first  to  set  down 
the  constant  numbers  and  constant  logarithms  which  are  to  be 
used  in  these  computations. 

The  constant  numbers,  taken  from  Art.  12  of  the  first 
Appendix,  and  Art.  2,  3,  and  4  of  this  Appendix,  are  the  fol- 
lowing : 

e  =  0-1931,472,  6  =  0-0823,604,  p  =  13862,944, 
f  =  01463,198,  i  =  01323,498,  1  =  0-1534,264, 
g  =  o-i  187,936,      k  =  0-1076,091,       m  =  o- 1331,774. 
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And  the  constant  logarithms  to  be  used  in  these  calculations 
are  the  following,  which  are  respectively  set  down  to  as  many 
places  of  figures  as  are  requisite. 

L.  2  =  0  3010,300,    L.  J  =  7-574,0,3,    L.  f  =  1796, 

L.  I  =7-8239,087,    L.  J  =  0-1249,4,,    L  *  =  o*407if409S 

L.  f  =7-1653,0,       L.  i  =7-1217,2,    L.  1  =7-1859,1, 

—  k  ~    

L.-f-  =  1-910,  L.T=i-9io,       L.T=  1-939. 

By  comparing  this  Art.  with  Art.  13  of  the  first  Appendix, 
it  will  appear,  that  the  number  of  logarithms  used  in  the  new 
formulae  is  very  considerably  less  than  the  number  used  in  those 
from  which  they  were  derived ;  and  still  fewer  will  suffice,  since 

the  term-^-,  which  occurs  in  the  second  theorem,  is  most  easily 
derived  from  the  first  term  in  the  first  theorem,  the  loga- 
rithms of  ^,  -p  and  cc,  being  there  ready  calculated;  so  that 
L.  £  needs  not  be  used  in  the  computation. 

12,  Let  us  now  compute  A  and  B  by  the  first  and  third  of 
these  new  formula,  when  Venus  and  the  earth  are  the  two 
planets. 

•  See  Art.  1 1  of  the  first  Appendix. 
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First,  for  the  value  of  A. 

Numbers.  Logarithms.  Numbers* 

Here  a  =  1-5236,71 1  01828,913 
and  6  =  14451,60/ at. co.  1*8400,841 
a  —  b  =  0-0785,1 1  "2-8049,305 
a  +  6  =  29688,31  04725,855 


-6 


_.  —cc   -      -      -  2  4223,450 

2 


18786,850  75-62841 

0-19315  =  * 

75  82156  =  ^  +  e 

ice    -    "3-5^7^5  —000387  =  —  ^ 

Sum  of  these  two  logarithms  5-920   -    —  o-oooc8  as  gc4 

— 0-00395  =  —  fee  —  gc4 
The  sum  of  these  four  terms  is    -    -  75,81761. 

Having  now  found  the  value  of  the  four  terms  —  -\-  e  fee 

—  gc4,  we  must  next  find  the  value  of  the  three  logarithmic 
terms  a  -f  l  ace  -f  -f^-ac4,  or  a  +  b  +  c  =  S,  which  may 
quickly  and  easily  be  done  as  follows. 

The  common  logarithm  of  2  is  0-3010,300 
Half  the  common  logarithm  of  cc  is  T^i  11,725 

The  common  logarithm  of  y  is  1  0898 ,575;  and  this  lo 
garithm,  reduced  to  an  hyperbolic  logarithm,  by  Table  XXXVII. 

*  See  Art.  14  of  the  first  Appendix,  paragraph  the  third. 
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of  Dodson's  Calculator,  gives    -      -     2  50949  =  a. 
•  0*39959 

ice  39963% 

Sum  of  these  two  logarithms  2  $9597      0*02489  =  |  a cc  =  b 

\CC  2 -21  8 

Sum  of  these  two  logarithms  f 6 14         000041  =  gifa  c 

The  sum  of  these  three  terms  is  -  2 '5 3479  =  S;  to  which 
add  the  sum  of  the  four  terms  above  found  75-81761 ,  and  we  have 

78-35240  =  all  the  terms. 

1  8940,523 
v(a-±b)l  1-2060,282 

The  diff.  of  these  two  loga-1    ~QQ  Q  A 

rithmsis      -      -     Jo-688o,24i  4*87555  =  A. 

13.  We  are  next  to  compute  the  value  of  B;  which  compu- 
tation will  be  much  facilitated  by  the  use  of  numbers  already 
found  in  the  computation  of  the  value  of  A.  The  arithmetical 
work  may  stand  as  follows. 
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-    ,  1*38630  as  p 
1  cc      3-60826     —  0-00406  =  —  1  cc 

"5-969        —  000009  =  —  mc* 

1*382  15  =  the  turn  of  these  three  term*. 

2*53479  =  S 
2-5094.9  =  a 

0-00830  =  j 
0-00008  =y 

0  8085,357      6-43481  =  the  sum  of  all  the  terms. 

vfa  +  b/*  07334,427 
DiflT.  of  these  two  log1.  00750,930     1  •  1 8874  =  A 

A  06880,241 
a  01828,913 

Sum  of  these  two  log*.  0  8709, 154     7.42874  =  Aa 

°'  795 ^846     6-24000  =  A  a  —  A 
\  01411,141 

y  {Aa  —  fi)  09362,987     8  63572  =  B. 

14.  We  have  now  the  values  sought,  viz.  A  =  4- 8756,  and 
B  =  8.6357  ;  which  values,  computed  by  the  new  formula ; 
agree  with  those  which  were  given  in  the  first  Appendix, 
which  is  one  proof  of  the  accuracy  of  the  new  forms  to  which 
the  theorems  are  brought.  And,  that  the  calculations  of  these 
numbers  are  considerably  facilitated  and  abridged  by  the  use  of 

H.  L.  4* —  t  —  "^T  instead  of  H.  L.  l±**l=<±9  and  by  the 

c         4         4.0  c 
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easy  method  of  deriving  the  logarithmic  terms  in  the  second 
and  third  theorems  from  those  in  the  first,  will  quickly  appear 
to  any  one  who  shall  make  trial,  by  a  calculation  both  by  the 
original  formula  and  by  those  which  are  given  in  this  paper, 
or  who  shall  compare  the  computations  of  A  and  B  in  the  first 
Appendix,  with  the  computations  here  exhibited. 
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VI.  Account  of  a  Peculiarity  in  the  Distribution  of  the  Arteries 
sent  to  the  Limbs  of  slow-moxnng  Animals ;  together  with  some 
other  similar  Facts.  In  a  Letter  from  Mr.  Anthony  Carlisle, 
Surgeon,  to  John  Symmons,  Esq.  F.  R.  S. 

Read  Jan.  9,  1800. 

DEAR  SIR, 

The  Maucauco  you  have  been  so  obliging  as  to  give  me  for 
the  purpose  of  dissection,  has  proved  a  subject  of  considerable 
interest.  This  animal,  the  Lemur  tardigradus  of  Linnaeus,  was 
injected,  with  a  view  to  exhibit  the  course  of  the  arteries ;  and 
they  present  a  very  unusual  deviation  from  the  ordinary  arrange- 
ment of  this  class  of  blood-vessels  in  animals  generally.  Before 
I  had  leisure  to  inquire  further  into  this  peculiarity,  I  presented 
a  drawing  of  the  appearances  to  my  friend  Dr.  Shaw,  of  the 
British  Museum,  for  the  purpose  of  being  made  public  in  his 
work  of  natural  history,  now  in  the  press.  Since  that  time,  I 
have,  through  Dr.  Shaw's  assistance,  been  enabled  to  investi- 
gate this  subject  somewhat  farther;  and,  if  you  consider  the 
following  account  in  any  degree  worthy  the  attention  of  the 
Royal  Society,  I  shall  receive  an  additional  honour  by  its  pro- 
ceeding through  your  hands. 

The  Lemur  tardigradus,  in  its  injected  state,  accompanies  this 
paper;  and,  for  the  kind  of  preparation,  the  vessels  are  filled 
with  more  than  ordinary  success.  The  arteries  alone  are  injected ; 
and  the  peculiarity  of  their  arrangement  is  to  be  observed  in 
the  axillary  arteries,  and  in  the  iliacs.  These  vessels,  at  their 
entrance  into  the  upper  and  lower  limbs,  are  suddenly  divided 
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into  a  number  of  equal-sized  cylinders,  which  occasionally 
anastomose  with  each  other.  They  are  exclusively  distributed 
on  the  muscles;  whilst  the  arteries  sent  to  all  the  parts  of  the 
body,  excepting  the  limbs,  divide  in  the  usual  arborescent  form; 
and,  even  those  arteries  of  the  limbs  which  are  employed  upon 
substances  not  muscular,  branch  off  like  the  common  blood- 
vessels. I  counted  twenty-three  of  these  cylinders,  parallel  to 
each  other,  about  the  middle  of  the  upper  arm ;  and  seventeen 
in  the  inguinal  fasciculus* 

This  fact  appeared  at  first  too  solitary  for  the  foundation  of 
any  physiological  reasoning ;  but,  having  since  had  an  oppor- 
tunity of  prosecuting  the  inquiry,  among  animals  of  similar 
habits  and  character,  I  have  been  encouraged  to  hope  that  the 
result  may  eventually  assist  in  the  elucidation  of  muscular 
motion.  The  Bradypus  tridactylus,  or  great  American  Sloth,  has 
a  similar  distribution  of  the  arteries  of  its  limbs  to  that  already 
described  in  the  Lemur  tardigradus;  which  will  be  better  under- 
stood by  the  annexed  figures.  See  Plate  II.  figs.  1  and  2 ;  and 
the  explanations.  The  communications  of  these  vessels  with 
each  other  are  more  frequent  than  in  the  Lemur  tardigradus, 
and  their  number  is  considerably  greater.  I  counted  forty-two 
separate  cylinders  upon  the  superficies  of  the  brachial  fasci- 
culus ;  and,  from  the  bulk  of  the  fasciculus,  I  estimate  that 
there  were  twenty,  or  more,  concealed  in  the  middle.  The 
lower  extremity  has  its  arteries  less  divided,  and  they  are  of 
larger  diameter.  I  observed  only  thirty-four  branches  in  the 
middle  of  the  thigh;  and  the  first  series  of  ramifications  were 
larger  than  the  subsequent  ones.  May  not  this  have  some 
relation  to  the  greater  distance  of  the  lower  limb  from  the 

*  See  Plate  I.  and  its  references,  page  103. 
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heart  ?  The  extremely  slow  movements  of  the  Bradypus  tridac- 
tylus  are  sufficiently  known  among  natural  historians. 

The  Bradypus  didactylus  has  its  arterial  system  distributed  in 
some  degree  like  the  tridactylus ;  but  the  brachial  artery  in  the 
upper  limb  is  much  less  subdivided,  as  will  appear  by  the  repre- 
sentation in  Plate  II.  fig.  3;  and,  in  the  lower  limb,  the  arteries  of 
the  plexus  afterwards  divide  a  few  times  in  the  arborescent  form. 
It  may  be  worthy  of  remark,  that  this  correspondence  of  ar- 
rangement, in  the  arteries  of  the  lesser  Sloth,  bears  a  striking 
analogy  with  the  structure  and  habits  of  the  large  American 
Sloth;  the  movements  of  the  Bradypus  didactylus  being  univer- 
sally represented  quicker  than  those  of  the  Bradypus  tridactylus. 

The  Lemur  Loris  was  next  examined,  and  its  arterial  system 
was  found  to  resemble  those  already  described ;  but,  as  the  ani- 
mal had  been  preserved  in  very  strong  spirit,  the  vessels  were  so 
corrugated  as  not  to  admit  of  injection.  The  two  Bradypi  were 
injected  with  quicksilver.  The  natural  history  of  the  Lemur  Loris 
appears  not  to  be  very  well  ascertained;  but  it  is  a  slow- 
moving  animal,  and  has  been  confounded  with  the  species  called 
tardigradusy  although  doubtless  a  much  more  agile  creature. 
See  Plate  II.  figs.  5,  and  6. 

In  all  the  quadrupeds  before  mentioned,  the  other  blood- 
vessels, as  well  as  the  nerves,  presented  the  common  appear- 
ances. The  size  of  the  heads,  and  the  interior  capacity  of  the 
skulls, both  in  the  Bradypus  tridactylus  and  the  Lemur  tardigradus, 
seemed  smaller  in  proportion  than  is  usual  among  animals,  so 
that  the  quantity  of  brain  must  be  less  than  ordinary. 

The  effect  of  this  peculiar  disposition  of  the  arteries,  in  the 
limbs  of  these  slow-moving  quadrupeds,  will  be  that  of  retard- 
ing the  velocity  of  the  blood.    It  is  well  known,  and  has  been 
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explained  by  various  writers,  that  the  blood  moves  quicker  in 
the  arteries  near  the  heart,  than  in  the  remote  branches ;  and 
also,  that  fluids  move  more  rapidly  through  tubes  which  branch 
off  suddenly  from  large  trunks,  than  if  they  had  been  propelled 
for  a  considerable  distance  through  small-sized  cylinders; 
besides  which,  the  frequent  communications  in  the  cylinders  of 
the  Bradypus  tridaclylus  must  produce  eddies,  which  will  retard 
the  progress  of  the  fluid.  From  these  and  a  variety  of  other 
facts,  which  it  is  not  necessary  to  specify,  it  will  appear,  that  one 
effect  upon  the  animal  economy,  connected  with  this  arrange- 
ment of  vessels,  must  be,  that  of  diminishing  the  velocity  of  the 
blood  passing  into  the  muscles  of  the  limbs.  It  may  be  difficult 
to  determine,  whether  the  slow  movement  of  the  blood  sent  to 
rhese  muscles  be  a  subordinate  convenience  to  other  primary 
causes  of  their  slow  contraction,  or  whether  it  be  of  itself  the 
immediate  and  principal  cause.  The  facts  at  present  ascertained, 
relative  to  muscular  motion,  do  not  authorize  me  to  treat  de- 
cidedly of  the  share  which  the  vascular  system  holds  in  the 
operation  of  muscular  contraction.  Certain  it  is,  that  a  larger 
proportion  of  arteries  is  sent  to  the  muscles  of  quadrupeds,  than 
to  the  ordinary  substances ;  and  the  extreme  redness  of  these 
organs  shews  that  their  capillaries  are  of  large  diameter.  A 
greater  degree  of  redness  is  also  observable  in  those  muscles 
(of  the  same  animal)  which  are  most  frequently  called  into 
action.  The  habits  of  life  among  the  tardigrade  animals,  give 
occasion  for  the  long  continued  contraction  of  some  muscles  in 
their  limbs:  these  creatures  are  represented  clinging  to  the 
boughs  of  trees,  and  remaining  thus,  without  locomotion,  for 
several  hours.  The  powers  which  require  so  long  a  time  to 
determine  the  contraction  of  a  series  of  muscles,  are  probably 
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no  less  slow  in  restoring  the  parts  to  their  former  condition ; 
or,  if  the  restoration  is  to  be  effected  by  antagonist  muscles 
under  the  same  circumstances,  then,  the  flexion  and  extension  of 
every  part  of  the  limbs  will  correspond,  as  to  time. 

I  have  not  met  with  any  arrangement  of  blood-vessels  ana- 
logous to  those  described,  except  in  the  carotid  artery  of  the 
Lion.  May  not  this  peculiarity  be  subservient  to  the  long  conti- 
nued exertion  of  the  muscles  of  his  jaws,  whilst  holding  a 
powerful  animal,  such  as  a  Horse  or  Buffalo,  and  thus  enable 
him  to  retain  his  prey,  until  it  is  wearied  out  by  ineffectual 
struggles  ?  I  believe  also,  that  those  animals  which  chew  the 
cud,  have  a  plexus  of  arteries  in  the  neck,  analogous  to  the  rete 
mirabile:  but  this  fact  has  not  yet  been  verified  in  all  the  rumi- 
nating quadrupeds ;  and  the  effect  of  these  arrangements  seems 
rather  to  operate  as  sluices  to  the  arteries  of  the  masticating 
muscles,  than  directly  as  the  means  of  retarding  the  velocity  of 
their  fluids.   It  is  however  necessary  to  examine  these  subjects 
more  accurately  * 

As  I  have  instituted  a  series  of  experiments  and  inquiries, 
with  the  hope  of  elucidating  this  subject,  it  would  be  improper 
to  trouble  you,  or  the  Royal  Society,  with  any  physiological 
reasonings  until  these  are  completed. 

I  have  the  honour  to  be,  &c. 
soho  Square,  ANT.  CARLISLE. 

October  28th,  1799. 

•  There  is  a  rete  mirabile  in  the  genus  Bos,  and  in  some  of  the  Cervi  which  I 
have  seen ;  but  of  these  and  the  other  Pecoru  a  fuller  description  will  be  given  in  a 
future  paper. 
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P.  S.  The  Maucauco  which  you  lately  possessed,  was  suffi- 
ciently quick  in  the  movements  of  its  head  to  snap  a  person's 
finger,  when  touched  incautiously ;  and  the  motion  of  its  jaw, 
when  chewing,  was  not  slower  than  in  other  animals.  A 
Maucauco  of  the  same  species,  kept  among  the  wild  beasts  in  the' 
Tower  of  London,  was  very  apt  to  bite  those  who,  calculating 
the  movements  of  its  head  by  those  of  its  limbs,  approached 
within  tiie  length  of  its  neck :  the  chewing  of  this  animal  was 
similar  to  that  of  a  Cat.  These  external  habits  of  motion,  com- 
pared with  those  of  the  limbs,  coincide  very  much  with  the 
internal  structure  here  described. 

REFERENCES  TO  THE  FIGURES. 

Plate  I. 

The  figure  represents  a  dried  preparation  of  the  Lemur  tar- 
digradus,  exhibiting  the  appearances  of  the  arterial  system. 

a,  the  carotid  arteries. 

b,  the  axillary  artery,  dividing  into  the  plexus  described. 

c,  the  iliac  arteries,  dividing  into  the  cylindrical  ramifications. 
The  other  parts  of  the  arterial  system  are  represented 

according  to  the  natural  and  ordinary  disposition. 

Plate  II. 

Fig.  1 ,  shews  the  axilla  of  the  Bradypus  tridactylusy  dissected 
to  expose  the  vessels. 

a,  the  sterno  mastoideus  muscle,  passing  under  the  skin  of 
the  neck. 

b,  part  of  the  axillary  plexus  of  nerves ;  the  median  pro- 
ceeding along  the  arm,  with  the  large  blood-vessels,  and  giving 
off  two  branches  of  communication  with  the  ulnar  nerve. 
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r,  the  subclavian  vein. 

dt  the  first  bone  of  the  sternum,  attached  to  its  second  bone, 
and  to  the  first  and  second  ribs. 

e,  the  subclavian  artery,  passing  into  the  axilla  behind  the 
large  veins,  and  dividing  itself  into  a  great  number  of  equal- 
sized  cylinders,  which  cling  together,  frequently  anastomose,  and 
take  the  ordinary  route  of  the  main  trunks  of  arteries  in  the 
upper  limbs  of  quadrupeds. 

Fig.  2,  the  brim  of  the  pelvis  and  groin  of  the  Bradypus  tri- 
dactylus,  with  the  vessels  exposed. 

a,  the  aorta,  where  it  divides  into  the  two  great  iliac  branches; 
the  iliac  artery  on  the  right  side  being  continued,  to  shew  the 
division  into  the  anastomosing  cylinders  which  are  sent  to  the 
muscles. 

6,  part  of  the  iliacus  internus  muscle. 

ct  part  of  the  bony  margin  of  die  pelvis  leading  down  to 
the  pubes. 

Fig.  3,  the  upper  limb  of  the  Bradypus  didactylus. 

ay  a  portion  of  skin  on  the  top  of  the  shoulder. 

by  the  axillary  artery,  divided  more  in  the  ordinary  way  than 
in  the  former  animal.  This  creature  had  been  preserved  in 
ardent  spirit  containing  camphor;  and  the  dissection  could  not 
be  prosecuted  so  satisfactorily  as  to  expose  every  small  branch. 

r,  part  of  the  axillary  plexus  of  nerves. 

Fig.  4,  the  iliac  vessels  of  the  Bradypus  didactylus. 

a.  the  tendon  of  the  psoas  muscle. 

6,  the  iliac  artery,  proceeding  into  the  thigh,  where  its  divi- 
sions are  more  discernible  than  in  the  upper  limb.  The  cylin- 
dric  tubes  were  however  much  fewer  than  in  the  Bradypus 
iridactylus.  I  counted  only  eight  tubes  in  the  inguinal  fasciculus 
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of  this  Sloth,  whereas  in  the  same  part  of  the  tridactylus  there 
were  at  least  forty. 

Cy  part  of  the  rim  of  the  pelvis. 

Fig.  5,  the  upper  limb  of  the  Lemur  Loris. 

a,  the  head  of  the  os  brachii. 

b,  the  axillary  artery,  proceeding  along  the  arm,  and  dividing 
into  seven  or  eight  cylinders. 

Fig.  6,  the  inguinal  arteries  of  the  Lemur  Loris. 
a,  the  iliac  artery,  dividing  as  it  passes  the  groin  into  five  or 
six  cylinders. 

6,  the  bony  margin  of  the  pelvis. 

The  figures  are  of  the  size  of  the  different  natural  objects. 
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VII.  Outlines  of  Experiments  and  Inquiries  respecting  Sound  and 
Light.  By  Thomas  Young,  M.  D.  F.  R.  S.  In  a  Letter  to 
Edward  Whitaker  Gray,  M.  D.  Sec.  R.  S. 

Read  January  i6\  1800. 

DEAR  SIR, 

It  has  long  been  my  intention  to  lay  before  the  Royal  Society 
a  few  observations  on  the  subject  of  sound ;  and  I  have  endea- 
voured to  collect  as  much  information,  and  to  make  as  many 
experiments,  connected  with  this  inquiry,  as  circumstances 
enabled  me  to  do ;  but,  the  further  I  have  proceeded,  the  more 
widely  the  prospect  of  what  lay  before  me  has  been  extended ; 
and,  as  I  find  that  the  investigation,  in  all  its  magnitude,  will 
occupy  the  leisure  hours  of  some  years,  or  perhaps  of  a  life,  I 
am  determined,  in  the  mean  time,  lest  any  unforeseen  circum- 
stances should  prevent  my  continuing  the  pursuit,  to  submit  to 
the  Society  some  conclusions  which  I  have  already  formed  from 
the  results  of  various  experiments.  Their  subjects  are,  I.  The 
measurement  of  the  quantity  of  air  discharged  through  an  aper- 
ture. II.  The  determination  of  the  direction  and  velocity  of  a 
stream  of  air  proceeding  from  an  orifice.  III.  Ocular  evidence 
of  the  nature  of  sound.  IV.  The  velocity  of  sound.  V.  Sonorous 
cavities.  VI.  The  degree  of  divergence  of  sound.  VII.  The 
decay  of  sound.  VIII.  The  harmonic  sounds  of  pipes.  IX.  The 
vibrations  of  different  elastic  fluids.  X.  The  analogy  between 
light  and  sound.  XI.  The  coalescence  of  musical  sounds.  XII. 
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The  frequency  of  vibrations  constituting  a  given  note.  XIII. 
The  vibrations  of  chords.  XIV.  The  vibrations  of  rods  and 
plates.  XV.  The  human  voice.  XVL  The  temperament  of 
musical  intervals. 

I.  Of  the  Quantity  of  Air  discharged  through  an  Aperture. 

A  piece  of  bladder  was  tied  over  the  end  of  the  tube  of  a  large 
glass  funnel,  and  punctured  with  a  hot  needle.  The  funnel  was 
inverted  in  a  vessel  of  water;  and  a  gage,  with  a  graduated  glass 
tube,  was  so  placed  as  to  measure  the  pressure  occasioned  by 
the  different  levels  of  the  surfaces  of  the  water.  As  the  air 
escaped  through  the  puncture,  it  was  supplied  by  a  phial  of 
known  dimensions,  at  equal  intervals  of  time;  and,  according  to 
the  frequency  of  this  supply,  the  average  height  of  the  gage 
was  such  as  is  expressed  in  the  first  Table.  It  appears,  that  the 
quantity  of  air  discharged  by  a  given  aperture,  was  nearly  in 
the  subduplicate  ratio  of  the  pressure ;  and  that  the  ratio  of  the 
expenditures  by  different  apertures,  with  the  same  pressure,  lay 
between  the  ratio  of  their  diameters  and  that  of  their  areas. 
The  second,  third,  and  fourth  Tables  show  the  result  of  similar 
experiments,  made  with  some  variations  in  the  apparatus.  It 
may  be  inferred,  from  comparing  the  experiments  on  a  tube 
with  those  on  a  simple  perforation,  that  the  expenditure  is 
increased,  as  in  water,  by  the  application  of  a  short  pipe. 


Pa 
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Table  r. 

A  is  the  area,  in  square  inches,  of  an 
aperture  nearly  circular.  B,  the  pressure 
in  inches.  C,  the  number  of  cubic  inches 
discharged  in  one  minute. 

All  numbers  throughout  this  paper, 
where  the  contrary  is  not  expressed,  are 
to  be  understood  of  inches,  linear,  square, 
or  cubic. 


A 

B 

c 

.00018 

.25 

39 

.00018 

.58 

11.7 

.00018 

1. 

15.6 

.00  J 

.045 

7.8 

.001 

.2 

156 

.001 

7 

31.2 

.004 

35 

4&8 

Table  II. 


A 

B 

C 

.07 
.07 

1. 
2. 

2000. 
2900. 

A  is  the  area  of  the  section  of  a  tube 
about  two  inches  long.  B,  the  pressure. 
C,  the  quantity  of  air  discharged  in  a  mi- 
nute, by  estimation. 


Table  lit. 


A 

B 

c 

D 

.0064 
.0064 
.0064 
.0064 

1.15 
10. 

135 

.2 

•45 
•35 
•7 

46.8 
4^-8 
31.2 
46.8 

Table  iv. 

A  is  the  area  of  the  section  of  a 
tube.  B,  its  length.  C,  the  pressure. 
D,  the  discharge  in  a  minute. 


A 

B 

C 

•003 

.28. 

46.8 

by  flattening  a  glass  tube  at  the  end :  its  dia- 
meters were  .025  and  .152.  B,  the  pressure. 
C,  the  discharge. 
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II.  Of  the  Direction  and  Velocity  of  a  Stream  of  Air. 

An  apparatus  was  contrived  for  measuring,  by  means  of  a 
water-gage  communicating  with  a  reservoir  of  air,  the  pressure 
by  which  a  current  was  forced  from  the  reservoir  through  a 
cylindrical  tube ;  and  the  gage  was  so  sensible,  that,  a  regular 
blast  being  supplied  from  the  lungs,  it  showed  the  slight  varia- 
tion produced  by  every  pulsation  of  the  heart.  The  current  of 
air  issuing  from  the  tube  was  directed  downwards,  upon  a  white 
plate,  on  which  a  scale  of  equal  parts  was  engraved,  and  which 
was  thinly  covered  with  a  coloured  liquid ;  the  breadth  of  the 
surface  of  the  plate  laid  bare  was  observed  at  different  distances 
from  the  tube,  and  with  different  degrees  of  pressure,  care  being 
taken  that  the  liquid  should  be  so  shallow  as  to  yield  to  the 
slightest  impression  of  air.  The  results  are  collected  in  Tables 
v.  and  vi.  and  are  exhibited  to  the  eye  in  Plate  III.  Figs.  1 — 12. 
In  order  to  measure  with  greater  certainty  and  precision,  the 
velocity  of  every  part  of  the  current,  a  second  cavity,  fur- 
nished with  a  gage,  was  provided,  and  pieces  perforated  with 
apertures  of  different  sizes  were  adapted  to  its  orifice :  the  axis 
of  the  current  was  directed  as  accurately  as  possible  to  the 
centres  of  these  apertures,  and  the  result  of  the  experiments, 
with  various  pressures  and  distances,  are  inserted  in  Tables  vii. 
viii.  and  ix.  The  velocity  of  a  stream  being,  both  according 
to  the  commonly  received  opinion  and  to  the  experiments 
already  related,  nearly  in  the  subduplicate  ratio  of  the  pressure 
occasioning  it,  it  was  inferred,  that  an  equal  pressure  would  be 
required  to  stop  its  progress,  and  that  the  velocity  of  the  cur- 
rent, where  it  struck  against  the  aperture,  must  be  in  the  sub- 
duplicate  ratio  of  the  pressure  marked  by  the  gage.    The  ordi- 
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nates  of  the  curves  in  Figs.  13—23,  were  therefore  taken  recipro- 
cally in  the  subduplicate  ratio  of  the  pressure  marked  by  the 
second  gage  to  that  indicated  by  the  first,  at  the  various  dis- 
tances represented  by  the  ahscisses.    Each  figure  represents  a 
different  degree  of  pressure  in  the  first  cavity.    The  curve 
nearest  the  axis,  is  deduced  from  observations  in  which  the 
aperture  opposed  to  the  tube  was  not  greater  than  that  of  the 
tube  itself ;  and  shows  what  would  be  the  diameter  of  the  cur- 
rent, if  the  velocities  of  every  one  of  its  particles  in  the  same 
circular  section,  including  those  of  the  contiguous  air,  which 
must  have  acquired  as  much  motion  as  the  current  lias  lost, 
were  equal  among  tliemselves.  As  the  central  particles  must 
be  supposed  to  be  less  impeded  in  their  motion  than  the  super- 
ficial ones,  of  course,  the  smaller  the  aperture  opposed  to  the 
centre  of  the  current,  the  greater  the  velocity  ought  to  come 
out,  and  the  ordinate  of  the  curve  the  smaller ;  but,  where  the 
aperture  was  not  greater  than  that  of  the  tube,  the  difference  of 
the  velocities  at  the  same  distance  was  scarcely  perceptible. 
When  the  aperture  was  larger  than  that  of  the  tube,  if  the  dis- 
tance was  very  small,  of  course,  the  average  velocity  came  out 
much  smaller  than  that  which  was  inferred  from  a  smaller 
aperture;  but,  where  the  ordinate  of  the  internal  curve  became 
nearly  equal  to  this  aperture,  there  was  but  little  difference  be- 
tween the  velocities  indicated  with  different  apertures.  Indeed, 
in  some  cases,  a  larger  aperture  seemed  to  indicate  a  greater 
velocity:  this  might  have  arisen  in  some  degree  from  the 
smaller  aperture  not  having  been  exactly  in  the  centre  of  the 
current;  but  there  is  greater  reason  to  suppose,  that  it  was  occa- 
sioned by  some  resistance  derived  from  the  air  returning  between 
the  sides  of  the  aperture  and  the  current  entering  it.  Where 
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this  took  place,  the  external  curves,  which  are  so  constructed 
as  that  their  ordinates  are  reciprocally  in  the  subdupiicate  ratio 
of  the  pressure  observed  in  the  second  cavity,  with  apertures 
equal  in  semidiameter  to  their  initial  ordinate,  approach,  for  a 
short  distance,  nearer  to  the  axis  than  the  internal  curve:  after 
this,  they  continue  their  course  very  near  to  this  curve.  Hence 
it  appears,  that  no  observable  part  of  the  motion  diverged 
beyond  the  limits  of  the  solid  which  would  be  formed  by  the 
revolution  of  the  internal  curve,  which  is  seldom  inclined  to 
the  axis  in  an  angle  so  great  as  ten  degrees.  A  similar  conclu- 
sion may  be  made,  from  observing  tlve  flame  of  a  candle  sub- 
jected to  the  action  of  a  blowpipe:  there  is  no  divergency 
beyond  the  narrow  limits  of  the  current;  the  flame,  on  the  con- 
trary, is  every  where  forced  by  the  ambient  air  towards  the 
current,  to  supply  the  place  of  that  which  it  has  carried  away 
by  its  friction.  The  lateral  communication  of  motion,  very 
ingeniously  and  accurately  observed  in  water  by  Professor  Ven- 
turi,  is  exactly  similar  to  the  motion  here  shown  to  take  place 
in  air;  and  these  experiments  fully  justify  him  in  rejecting  the 
tenacity  of  water  as  its  cause :  no  doubt  it  arises  from  the  rela- 
tive situation  of  the  particles  of  the  fluid,  in  the  line  of  the  cur- 
rent, to  that  of  the  particles  in  the  contiguous  strata,  which  is 
such  as  naturally  to  lead  to  a  communication  of  motion  nearly 
in  a  parallel  direction ;  and  this  may  properly  be  termed  friction. 
The  lateral  pressure  which  urges  the  flame  of  a  candle  towards 
the  stream  of  air  from  a  blowpipe,  is  probably  exactly  similar 
to  that  pressure  which  causes  the  inflection  of  a  current  of  air 
near  an  obstacle.  Mark  the  dimple  which  a  slender  stream  of 
air  makes  on  the  surface  of  water;  bring  a  convex  body  into 
contact  with  the  side  of  the  stream,  and  the  place  of  the  dimple 
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will  immediately  show  that  the  current  is  inflected  towards  the 
body ;  and,  if  the  body  be  at  liberty  to  move  in  every  direction, 
it  will  be  urged  towards  the  current,  in  the  same  manner  as, 
in  Venturis  experiments,  a  fluid  was  forced  up  a  tube  inserted 
into  the  side  of  a  pipe  through  which  water  was  flowing.  A 
similar  interposition  of  an  obstacle  in  the  course  of  the  wind,  is 
probably  often  the  cause  of  smoky  chimneys.  One  circumstance 
was  observed  in  these  experiments,  which  it  is  extremely  diffi- 
cult to  explain,  and  which  yet  leads  to  very  important  conse- 
quences :  it  may  be  made  distinctly  perceptible  to  the  eye,  by 
forcing  a  current  of  smoke  very  gently  through  a  fine  tube. 
When  the  velocity  is  as  small  as  possible,  the  stream  proceeds 
for  many  inches  without  any  observable  dilatation ;  it  then  im- 
mediately diverges  at  a  considerable  angle  into  a  cone,  Plate  IV. 
Fig.  24 ;  and,  at  the  point  of  divergency,  there  is  an  audible  and 
even  visible  vibration.  The  blowpipe  also  affords  a  method  of 
observing  this  phenomenon :  as  far  as  can  be  judged  from  the 
motion  of  the  flame,  the  current  seems  to  make  something  like  a 
revolution  in  the  surface  of  the  cone,  but  this  motion  is  too  rapid 
to  be  distinctly  discerned.  When  the  pressure  is  increased,  the 
apex  of  the  cone  approaches  nearer  to  the  orifice  of  the  tube,  Figs. 
25,  26;  but  no  degree  of  pressure  seems  materially  to  alter  its 
divergency.  The  distance  of  the  apex  from  the  orifice,  is  not 
proportional  to  the  diameter  of  the  current ;  it  rather  appears  to 
be  the  greater  the  smaller  the  current,  and  is  much  better  defined 
in  a  small  current  than  in  a  large  one.  Its  distance  in  one  ex- 
periment is  expressed  in  Table  x,  from  observations  on  the  sur- 
face of  a  liquid ;  in  other  experiments,  its  respective  distances 
were  sometimes  considerably  less  with  the  same  degrees  of  pres- 
sure. It  may  be  inferred,  from  the  numbers  of  Tables  vn  and  vin, 
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that  in  several  instances  a  greater  height  of  the  first  gage  pro- 
duced a  less  height  of  the  second :  this  arose  from  the  nearer 
approach  of  the  apex  of  the  cone  to  the  orifice  of  the  tube, 
the  stream  losing  a  greater  portion  of  its  velocity  by  this  diver- 
gence than  it  gained  by  the  increase  of  pressure.  At  first  sight, 
the  form  of  the  current  bears  some  resemblance  to  the  vena 
contracta  of  a  jet  of  water:  but  Venturi  has  observed,  that  in 
water  an  increase  of  pressure  increases,  instead  of  diminishing, 
the  distance  of  the  contracted  section  from  the  orifice.  Is  it  not 
possible,  that  the  facility  with  which  some  spiders  are  said  to 
project  their  fine  threads  to  a  great  distance,  may  depend  upon 
the  small  degree  of  velocity  with  which  they  are  thrown  out,  so 
that,  like  a  minute  current,  meeting  with  little  interruption 
from  the  neighbouring  air,  they  easily  continue  their  course  for 
a  considerable  time  ? 

Table  v. 


A 

1. 

2. 

S- 

3-8 

B 

c 

C 

C 

C 

1 . 

.1 

.1 

.1 

2. 

.12 

.12 

.2 

3 

•17 

.25 

•3 

4- 

.2 

•4 

.4 

5- 

.25 

•5 

6. 

.30 

•52 

7- 

•35 

54 

•5 

8. 

•37 

•56* 

9- 

•39 

•58 

10. 

.40 

.6' 

.6 

•5 

*5- 

•7 

18 

•50 

20. 

The  diameter  of  the  tube  .07. 
A  is  the  distance  of  the  liquid  from 
the  orifice.  B,  the  pressure.  C, 
the  diameter  of  the  surface  of  the 
liquid  displaced. 
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Table  vi.  Table  vu. 


A 

A 

1 1 

*• 

i> 

c 

I. 

.1 

.1 

2. 

•»3 

3- 

.2 

.2 

J: 

•25 

•3 

•3 

•4 

*? 
/  * 

•35 

i 

1C. 

•35 

,5- 

•35 

•7 

20. 

35 

•7 

Diameter  of 
the  tube, . i. 

A,  B,  and 
C,  as  in 

Table  v. 


A 

A 

•5 

D 

.06 

•l5 

c 

D 

D 

.1 

.083 

.2 

.16 

•3 

•25 

.1 

•4 

•35 

•5 

•45 

.6 

•53 

.2 

:78 

.6 

■3 

i. 

•5 

1.2 

4 

•4 

«-5 

.6 

2. 

.67 

•5S 

J: 

'•3 

1. 

2. 

9- 

•3 

14. 

•5 

Diameter  of  the  tube  .06. 

A  is  the  distance  of  the  op- 
posite aperture,  from  the  orifice 
of  the  tube.  B,  the  diameter  of 
the  aperture.  C,  the  pressure, 
indicated  by  the  first  gage.  D, 
the  height  of  the  second  gage. 


Table  vm. 


A 

•5 

1. 

2. 

4- 

B 

.06 

•15 

•3 

•5 

.06 

•»S 

•3 

•5 

.06 

•5 

•3 

5- 

.06 

•»5 

•3 

5 

C 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

.1 

•°5 

.05 

.03 

.08 

.017 

[  1 

.1 

.1 

.12 

.02 

034 

•5 

.2 

.22 

.  1 

.00 

00 

1. 

•3* 

•36 

.1 

•17 

.1 

.1 

.05 

.04 

2. 

t 

.6 

.2 

.28 

.22 

.21 

.08 

.07 

3- 

•9 

•3 

•4 

•36 

•3* 

.12 

.12 

.  1 

.  1 

4- 

1.1 

1.2 

•4 

.58 

•52 

•42 

.16 

.18 

•'5 

.14 

5- 

••5 

•S 

.8 

.68 

•52 

.2 

•*3 

.2 

.18 

.04 

.04 

.05 

6. 

»7 

.6 

I. 

.83 

.63 

•*5 

•3 

•*5 

.22 

•05 

•°5 

.06 

7- 

1.9 

•7 

1.2 

1. 

•75 

•3 

•35 

•3 

.26 

.06 

.06 

.07 

8. 

2.1 

.8 

'•5 

1 .2 

.88 

•34 

4 

•34 

•3 

.07 

.07 

.07 

9- 

• 

*-3 

•9 

1.7 

1.4 

1. 

•37 

•45 

•37 

•34 

.08 

.08 

.08 

10. 

2.6 

1 . 

1.9 

1  6 

1.1 

•4 

•5 

•4 

•37 

.09 

.09 

.09 

Diameter  of  the  tube  .1.  A,  B,  C,  and  D,  as  in  Table  vu. 
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Table  ix.  Table  x. 


A 

1.15 

3-3 

B 

•»5 

•3 

•S 

1. 

.06 

•'5 

1. 

.06 

C 

D 

D 

D 

D 

D 

D 

D 

D 

•S 

.1 

.1 

.1 

1. 

.2 

.2 

.2 

2. 

•4 

•3S 

•34 

.  1 

.1 

.125 

3* 

.6 

•  > 

•'5 

•'S 

18 

.  1 

Diameter 
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III.  Ocular  Evidence  of  the  Nature  of  Sound. 

A  tube  about  the  tenth  of  an  inch  in  diameter,  with  a  lateral 
orifice  half  an  inch  from  its  end,  filed  rather  deeper  than  the 
axis  of  the  tube,  Fig.  27,  was  inserted  at  the  apex  of  a  conical 
cavity  containing  about  twenty  cubic  inches  of  air,  and  luted 
perfectly  tight :  by  blowing  through  the  tube,  a  sound  nearly 
in  unison  with  the  tenor  C  was  produced.  By  gradually 
increasing  the  capacity  of  the  cavity  as  far  as  several  gallons, 
with  the  same  mouth-piece,  the  sound,  although  faint,  became 
more  and  more  grave,  till  it  was  no  longer  a  musical  note. 
Even  before  this  period  a  kind  of  trembling  was  distinguishable; 
and  this,  as  the  cavity  was  still  further  increased,  was  changed 
into  a  succession  of  distinct  puffs,  like  the  sound  produced  by 
an  explosion  of  air  from  the  lips;  as  slow,  in  some  instances,  as 
4  or  3  in  a  second.  These  were  undoubtedly  the  single  vibra- 
tions, which,  when  repeated  with  sufficient  frequency,  impress 
on  the  auditory  nerve  the  sensation  of  a  continued  sound.  On 
forcing  a  current  of  smoke  through  the  tube,  the  vibratory 
motion  of  the  stream,  as  it  passed  out  at  the  lateral  orifice,  was 
evident  to  the  eye;  although,  from  various  circumstances,  the 
quantity  and  direction  of  its  motion  could  not  be  subjected  to 
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exact  mensuration.  This  species  of  sonorous  cavity  seems 
susceptible  of  but  few  harmonic  sounds.  It  was  observed,  that 
a  faint  blast  produced  a  much  greater  frequency  of  vibrations 
than  that  which  was  appropriate  to  the  cavity  :  a  circumstance 
similar  to  this  obtains  also  in  large  organ  pipes ;  but,  several 
minute  observations  of  this  kind,  although  they  might  assist  in 
forming  a  theory  of  the  origin  of  vibrations,  or  in  confirming 
such  a  theory  drawn  from  other  sources,  yet,  as  they  are  not 
alone  sufficient  to  afford  any  general  conclusions,  are  omitted 
at  present,  for  the  sake  of  brevity. 

IV.  Of  the  Velocity  of  Sound. 

It  has  been  demonstrated,  by  M.  De  la  Grange  and  others, 
that  any  impression  whatever  communicated  to  one  particle  of 
an  elastic  fluid,  will  be  transmitted  through  that  fluid  with  an 
uniform  velocity,  depending  on  the  constitution  of  the  fluid, 
without  reference  to  any  supposed  laws  of  the  continuation  of 
that  impression.  Their  theorem  for  ascertaining  this  velocity  is 
the  same  as  Newton  has  deduced  from  the  hypothesis  of  a  par- 
ticular law  of  continuation:  but  it  must  be  confessed,  that  the 
result  differs  somewhat  too  widely  from  experiment,  to  give 
us  full  confidence  in  the  perfection  of  the  theory.  Corrected  by 
the  experiments  of  various  observers,  the  velocity  of  any  impres- 
sion transmitted  by  the  common  air,  may,  at  an  average,  be 
reckoned  1 130  feet  in  a  second. 

V.  Of  sonorous  Cavities. 

M.  De  la  Grange  has  also  demonstrated,  that  all  impres- 
sions arc  reflected  by  an  obstacle  terminating  an  elastic  fluid, 
with  the  same  velocity  with  which  they  arrived  at  that  obstacle. 
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When  the  walls  of  a  passage,  or  of  an  unfurnished  room,  are 
smooth  and  perfectly  parallel,  any  explosion,  or  a  stamping 
with  the  foot,  communicates  an  impression  to  the  air,  which  is 
reflected  from  one  wall  to  the  other,  and  from  the  second  again 
towards  the  ear,  nearly  in  the  same  direction  with  the  primitive 
impulse :  this  takes  place  as  frequently  in  a  second,  as  double 
the  breadth  of  the  passage  is  contained  in  1130  feet;  and  the 
ear  receives  a  perception  of  a  musical  sound,  thus  determined  in 
its  pitch  by  the  breadth  of  the  passage.  On  making  the  expe- 
riment, the  result  will  be  found  accurately  to  agree  with  this 
explanation.  If  the  sound  is  predetermined,  and  the  frequency 
of  vibrations  such  as  that  each  pulse,  when  doubly  reflected, 
•may  coincide  with  the  subsequent  pulse  proceeding  directly 
from  the  sounding  body,  the  intensity  of  the  sound  will  be 
much  increased  by  the  reflection  ;  and  also,  in  a  less  degree,  if 
the  reflected  pulse  coincides  with  the  next  but  one,  the  next  but 
two,  or  more,  of  the  direct  pulses.  The  appropriate  notes  of  a 
room  may  readily  be  discovered  by  singing  the  scale  in  it ;  and 
they  will  be  found  to  depend  on  the  proportion  of  its  length  or 
breadth  to  1 130  feet.  The  sound  of  the  stopped  diapason  pipes 
of  an  organ  is  produced  in  a  manner  somewhat  similar  to  the 
note  from  an  explosion  in  a  passage;  and  that  of  its  reed  pipes 
to  the  resonance  of  the  voice  in  a  room  :  the  length  of  the  pipe 
in  one  case  determining  the  sound,  in  the  other,  increasing  its 
strength.  The  frequency  of  the  vibrations  does  not  at  all  imme- 
diately depend  on  the  diameter  of  the  pipe.  It  must  be  con- 
fessed, that  much  remains  to  be  clone  in  explaining  the  precise 
manner  in  which  the  vibration  of  the  air  in  an  organ  pipe  is 
generated.    M.  Daniel  Bernoulli  has  solved  several  difficult 
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problems  relating  to  the  subject ;  yet  some  of  his  assumptions 
are  not  only  gratuitous,  but  contrary  to  matter  of  fact. 

VI.  Of  the  Divergence  of  Sound. 

It  has  been  generally  asserted,  chiefly  on  the  authority  of 
Newton,  that  if  any  sound  be  admitted  through  an  aperture 
into  a  chamber,  it  will  diverge  from  that  aperture  equally  in  all 
directions.  The  chief  arguments  in  favour  of  this  opinion  are 
deduced  from  considering  the  phenomena  of  the  pressure  of 
fluids,  and  the  motion  of  waves  excited  in  a  pool  of  water.  But 
the  inference  seems  to  be  too  hastily  drawn :  there  is  a  very 
material  difference  between  impulse  and  pressure ;  and,  in  the 
case  of  waves  of  water,  the  moving  force  at  each  point  is  the 
power  of  gravity,  which,  acting  primarily  in  a  perpendicular 
direction,  is  only  secondarily  converted  into  a  horizontal  force, 
in  the  direction  of  the  progress  of  the  waves,  being  at  each  step 
disposed  to  spread  equally  in  every  direction :  but  the  impulse 
transmitted  by  an  elastic  fluid,  acts  primarily  in  the  direction  of 
its  progress.  It  is  well  known,  that  if  a  person  calls  to  another 
with  a  speaking  trumpet,  he  points  it  towards  the  place  where 
his  hearer  stands :  and  I  am  assured  by  a  very  respectable 
Member  of  the  Royal  Society,  that  the  report  of  a  cannon 
appears  many  times  louder  to  a  person  towards  whom  it  is 
fired,  than  to  one  placed  in  a  contrary  direction.  It  must  have 
occurred  to  every  one's  observation,  that  a  sound  such  as  that 
of  a  mill,  or  a  fall  of  water,  has  appeared  much  louder  after 
turning  a  comer,  when  the  house  or  other  obstacle  no  longer 
intervened;  and  it  has  been  already  remarked  by  Euler,  on  this 
head,  that  we  are  not  acquainted  with  any  substance  perfectly 
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impervious  to  sound.  Indeed,  as  M.  Lambert  has  very  truly 
asserted,  the  whole  theory  of  the  speaking  trumpet,  supported 
as  it  is  by  practical  experience,  would  fall  to  the  ground,  if  it 
were  demonstrable  that  sound  spreads  equally  in  every  direc- 
tion. In  windy  weather  it  may  often  be  observed,  that  the 
sound  of  a  distant  bell  varies  almost  instantaneously  in  its 
strength,  so  as  to  appear  at  least  twice  as  remote  at  one  time  as 
at  another ;  an  observation  which  has  also  occurred  to  another 
gentleman,  who  is  uncommonly  accurate  in  examining  the 
phaenomena  of  nature.  Now,  if  sound  diverged  equally  in  all 
directions,  the  variation  produced  by  the  wind  could  never 
exceed  one-tenth  of  the  apparent  distance :  but,  on  the  suppo- 
sition of  a  motion  nearly  rectilinear,  it  may  easily  happen  that  a 
slight  change  in  the  direction  of  the  wind,  may  convey  the 
sound,  either  directly  or  after  reflection,  in  very  different  de- 
grees of  strength,  to  the  same  spot.  From  the  experiments  on 
the  motion  of  a  current  of  air,  already  related,  it  would  be 
expected  that  a  sound,  admitted  at  a  considerable  distance  from 
its  origin  through  an  aperture,  would  proceed,  with  an  almost 
imperceptible  increase  of  divergence,  in  the  same  direction ;  for, 
the  actual  velocity  of  the  particles  of  air,  in  the  strongest  sound, 
is  incomparably  less  than  that  of  the  slowest  of  the  currents  in 
the  experiments  related,  where  the  beginning  of  the  conical 
divergence  took  place  at  the  greatest  distance.  Dr.  Matthew 
Young  has  objected,  not  without  reason,  to  M.  Hube,  that  the 
existence  of  a  condensation  will  cause  a  divergence  in  sound : 
'but  a  much  greater  degree  of  condensation  must  have  existed 
in  the  currents  described  than  in  any  sound.  There  is  indeed 
one  difference  between  a  stream  of  air  and  a  sound ;  that,  in 
sound,  the  motions  of  different  particles  of  air  are  not  synchro- 
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nous :  but  it  is  not  demonstrable  that  this  circumstance  would 
affect  the  divergency  of  the  motion,  except  at  the  instant  of  its 
commencement,  and  perhaps  not  even  then  in  a  material 
degree;  for,  in  general,  the  motion  is  communicated  with  a 
very  gradual  increase  of  intensity.  The  subject,  however, 
deserves  a  more  particular  investigation;  and,  in  order  to  obtain 
a  more  solid  foundation  for  the  argument,  it  is  proposed,  as 
soon  as  circumstances  permit,  to  institute  a  course  of  experi- 
ments for  ascertaining,  as  accurately  as  possible,  the  different 
strength  of  a  sound  once  projected  in  a  given  direction,  at  dif- 
ferent distances  from  the  axis  of  its  motion. 

VII.  Of  the  Decay  of  Sound. 

Various  opinions  have  been  entertained  respecting  the  decay 
of  sound.  M.  De  la  Grange  has  published  a  calculation,  by 
which  its  force  is  shown  to  decay  nearly  in  the  simple  ratio  of 
the  distances;  and  M.  Daniel  Bernoulli's  equations  for  the 
sounds  of  conical  pipes  lead  to  a  similar  conclusion.  The  same 
inference  would  follow  from  a  completion  of  the  reasoning  of 
Dr.  Helsham,  Dr.  Matthew  Young,  and  Professor  Venturi. 
It  has  been  very  elegantly  demonstrated  by  Maclaurin,  and 
may  also  be  proved  in  a  much  more  simple  manner,  that  when 
motion  is  communicated  through  a  series  of  elastic  bodies 
increasing  in  magnitude,  if  the  number  of  bodies  be  supposed 
infinitely  great,  and  their  difference  infinitely  small,  the  motion 
of  the  last  will  be  to  that  of  the  first  in  the  subduplicate  ratio  of 
their  respective  magnitudes ;  and  since,  in  the  case  of  concentric 
spherical  lamina?  of  air,  the  bulk  increases  in  the  duplicate  ratio 
of  the  distance,  the  motion  will  in  this  case  be  directly,  and  the 
velocity  inversely,  as  the  distance.  But,  however  true  this  may 
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be  of  the  first  impulse,  it  will  appear,  by  pursuing  the  calcula- 
tion a  little  further,  that  every  one  of  the  elastic  bodies,  except 
the  last,  receives  an  impulse  in  a  retrograde  direction,  which 
ultimately  impedes  the  effect  of  the  succeeding  impulse,  as  much 
as  a  similar  cause  promoted  that  of  the  preceding  one :  and 
thus,  as  sound  must  be  conceived  to  consist  of  an  infinite 
number  of  impulses,  the  motion  of  the  last  lamina  will  be  pre- 
cisely equal  to  that  of  the  first;  and,  as  far  as  this  mode  of 
reasoning  goes,  sound  must  decay  in  the  duplicate  ratio  of  the 
distance.  Hence  it  appears,  that  the  proposal  for  adopting  the 
logarithmic  curve  for  the  form  of  the  speaking  trumpet,  was 
founded  on  fallacious  reasoning.  The  calculation  of  M.  De  la 
Grange  is  left  for  future  examination ;  and  it  is  intended,  in  the 
mean  time,  to  attempt  to  ascertain  the  decay  of  sound  as  nearly 
as  possible  by  experiment :  should  the  result  favour  the  con- 
clusions from  that  calculation,  it  would  establish  a  marked 
difference  between  the  propagation  of  sound  and  of  light. 

VIII.  Of  the  harmonic  Sounds  of  Pipes. 

In  order  to  ascertain  the  velocity  with  which  organ  pipes  of 
different  lengths  require  to  be  supplied  with  air,  according  to 
the  various  appropriate  sounds  which  they  produce,  a  set  of 
experiments  was  made,  with  the  same  mouth-piece,  on  pipes 
of  the  same  bore,  and  of  different  lengths,  both  stopped  and 
open.  The  general  result  was,  that  a  similar  blast  produced  as 
nearly  the  same  sound  as  the  length  of  the  pipes  would  permit; 
or  at  least  that  the  exceptions,  though  very  numerous,  lay 
equally  on  each  side  of  this  conclusion.  The  particular  results 
are  expressed  in  Table  xi.  and  in  Plate  IV.  Fig.  s8.  They  ex- 
plain how  a  note  may  be  made  much  louder  on  a  wind  instrument 
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by  a  swell,  than  it  can  possibly  be  by  a  sudden  impression  of  the 
blast.  It  is  proposed,  at  a  future  time,  to  ascertain  by  experiment, 
the  actual  compression  of  the  air  within  the  pipe  under  different 
circumstances :  from  some  very  slight  trials,  it  seemed  to  be 
nearly  in  the  ratio  of  the  frequency  of  vibrations  of  each 
harmonic. 
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A,  is  the  length  of  the  pipe  from  the  lateral  orifice  to  the  end.  C,  the  pressure  at 
which  the  sound  began.  B,  its  termination,  by  lessening  the  pressure  ;  D,  by  increasing 
it.  E,  the  note  answering  to  the  first  sound  of  each  pipe,  according  to  the  German 
method  of  notation.  F,  the  number  showing  the  place  of  each  note  in  the  regular 
series  of  harmonics.  The  diameter  of  the  pipe  was  .35;  the  air  duct  of  the  mouth- 
piece measured,  where  smallest,  .25  by  .035  ;  the  lateral  orifice  .25  by  .125.  The  ap- 
paratus was  not  calculated  to  apply  a  pressure  of  above  22  niches.  Wh.-re  no  number 
stands  under  C,  a  sudden  blast  was  required  to  produce  the  not'-. 
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IX.  0/"*^  Vibrations  of  different  elastic  Fluids. 

All  the  methods  of  finding  the  velocity  of  sound,  agree  in 
determining  it  to  be,  in  fluids  of  a  given  elasticity,  reciprocally 
in  the  subduplicate  ratio  of  the  density :  hence,  in  pure  hydro- 
gen gas  it  should  be  s/7$  =  3.6  times  as  great  as  in  common 
air;  and  the  pitch  of  a  pipe  should  be  a  minor  fourteenth  higher 
in  this  fluid  than  in  the  common  air.  It  is  therefore  probable  that 
the  hydrogen  gas  used  in  Professor  Chladni's  late  experiments, 
was  not  quite  pure.  It  must  be  observed,  that  in  an  accurate 
experiment  of  this  nature,  the  pressure  causing  the  blast  ought 
to  be  carefully  ascertained.  There  can  be  no  doubt  but  that,  in 
the  observations  of  the  French  Academicians  on  the  velocity 
of  sound,  which  appear  to  have  been  conducted  with  all  possible 
attention,  the  dampness  and  coldness  of  the  night  air  must  have 
considerably  increased  its  density :  hence,  the  velocity  was  found 
to  be  only  1109  feet  in  a  second ;  while  Derham's  experiments, 
which  have  an  equal  appearance  of  accuracy,  make  it  amount  to 
1 1 4,2 .  Perhaps  the  average  may,  as  has  been  already  mentioned , 
be  safely  estimated  at  1 130.  It  may  here  be  remarked,  that  the 
well  known  elevation  of  the  pitch  of  wind  instruments,  in  the 
course  of  playing,  sometimes  amounting  to  half  a  note,  is  not, 
as  is  commonly  supposed,  owing  to  any  expansion  of  the 
instrument,  for  this  should  produce  a  contrary  effect,  but  to 
the  increased  warmth  of  the  air  in  the  tube.  Dr.  Smith  has 
made  a  similar  observation,  on  the  pitch  of  an  organ  in  summer 
and  winter,  which  he  found  to  differ  more  than  twice  as  much 
as  the  English  and  French  experiments  on  the  velocity  of  sound. 
Bianconi  found  the  velocity  of  sound,  at  Bologna,  to  differ  at 
different  times,  in  the  ratio  of  152  to  157. 
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X.  Of  the  Analogy  between  Light  and  Sound. 

Ever  since  the  publication  of  Sir  Isaac  Newton's  incom- 
parable writings,  his  doctrines  of  the  emanation  of  particles  of 
light  from  lucid  substances,  and  of  the  formal  pre-existence 
of  coloured  rays  in  white  light,  have  been  almost  universally 
admitted  in  this  country,  and  but  little  opposed  in  others. 
Leonard  Euler  indeed,  in  several  of  his  works,  has  advanced 
some  powerful  objections  against  them,  but  not  sufficiently 
powerful  to  justify  the  dogmatical  reprobation  with  which  he 
treats  them ;  and  he  has  left  that  system  of  an  ethereal  vibra- 
tion, which  after  Huygens  and  some  others  he  adopted,  equally 
liable  to  be  attacked  on  many  weak  sides.   Without  pretending 
to  decide  positively  on  the  controversy,  it  is  conceived  that  some 
considerations  may  be  brought  forwards,  which  may  tend  to 
diminish  the  weight  of  objections  to  a  theory  similar  to  the 
Hitygenian.  There  are  also  one  or  two  difficulties  In  the  New- 
tonian system,  which  have  been  little  observed.  The  first  is, 
the  uniform  velocity  with  which  light  is  supposed  to  be  pro- 
jected from  all  luminous  bodies,  in  consequence  of  heat,  or 
otherwise.   How  happens  it  that,  whether  the  projecting  force 
is  the  slightest  transmission  of  electricity,  the  friction  of  two 
pebbles,  the  lowest  degree  of  visible  ignition,  the  white  heat  of 
a  wind  furnace,  or  the  intense  heat  of  the  sun  itself,  these  won- 
derful corpuscles  are  always  propelled  with  one  uniform  velo- 
city ?  For,  if  they  differed  in  velocity,  that  difference  ought  to 
produce  a  different  refraction.   But  a  still  more  insuperable 
difficulty  seems  to  occur,  in  the  partial  reflection  from  every 
refracting  surface.  Why,  of  the  same  kind  of  rays,  in  every  cir- 
cumstance precisely  similar,  some  should  always  be  reflected, 
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and  others  transmitted,  appears  in  this  system  to  be  wholly 
inexplicable.  That  a  medium  resembling,  in  many  properties, 
that  which  has  been  denominated  ether,  does  really  exist,  is 
undeniably  proved  by  the  phenomena  of  electricity ;  and  the  ar- 
guments against  the  existence  of  such  an  ether  throughout  the 
universe,  have  been  pretty  sufficiently  answered  by  Euler. 
The  rapid  transmission  of  the  electrical  shock,  shows  that  the 
electric  medium  is  possessed  of  an  elasticity  as  groat  as  is  neces- 
sary to  be  supposed  for  the  propagation  of  light.  Whether  the 
electric  ether  is  to  be  considered  as  the  same  with  the  luminous 
ether,  if  such  a  fluid  exists,  may  perhaps  at  some  future  time  be 
discovered  by  experiment;  hitherto  I  have  not  been  able  to 
observe  that  the  refractive  power  of  a  fluid  undergoes  any 
change  by  electricity.  The  uniformity  of  the  motion  of  light  in 
the  same  medium,  which  is  a  difficulty  in  the  Newtonian 
theory,  favours  the  admission  of  the  Huygenian;  as  all  impres- 
sions are  known  to  be  transmitted  through  an  elastic  fluid  with 
the  same  velocity.  It  has  been  already  shown,  that  sound,  in 
all  probability,  has  very  little  tendency  to  diverge:  in  a  medium 
so  highly  elastic  as  the  luminous  ether  must  be  supposed  to  be, 
the  tendency  to  diverge  may  be  considered  as  infinitely  small, 
and  the  grand  objection  to  the  system  of  vibration  wil^  be 
removed.  It  is  not  absolutely  certain,  that  the  white  line  visible 
In  all  directions  on  the  edge  of  a  knife,  in  the  experiments  of 
Newton  and  of  Mr.  Jordan,  was  not  partly  occasioned  by  the 
tendency  of  light  to  diverge.  Euler's  hypothesis,  of  the  trans- 
mission of  light  by  an  agitation  of  the  particles  of  the  refract- 
ing media  themselves,  is  liable  to  strong  objections ;  according 
to  this  supposition,  the  refraction  of  the  rays  of  light,  on  entering 
the  atmosphere  from  the  pure  ether  which  he  describes,  ought 
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to  be  a  million  times  greater  than  it  is.  For  explaining  the 
phenomena  of  partial  and  total  reflection,  refraction,  and  inflec- 
tion, nothing  more  is  necessary  than  to  suppose  all  refracting 
media  to  retain,  by  their  attraction,  a  greater  or  less  quantity 
of  the  luminous  ether,  so  as  to  make  its  density  greater  than 
that  which  it  possesses  in  a  vacuum,  without  increasing  its  elasti- 
city ;  and  that  light  is  a  propagation  of  an  impulse  communi- 
cated to  this  ether  by  luminous  bodies :  whether  this  impulse  is 
produced  by  a  partial  emanation  of  the  ether,  or  by  vibrations 
of  the  particles  of  the  body,  and  whether  these  vibrations  are, 
as  Euler  supposed,  of  various  and  irregular  magnitudes,  or 
whether  they  are  uniform,  and  comparatively  large,  remains  to 
be  hereafter  determined.  Now,  as  the  direction  of  an  impulse 
transmitted  through  a  fluid,  depends  on  that  of  the  particles  in 
synchronous  motion,  to  which  it  is  always  perpendicular,  what- 
ever alters  the  direction  of  the  pulse,  will  inflect  the  ray  of 
light.  If  a  smaller  elastic  body  strike  against  a  larger  one,  it  is 
well  known  that  the  smaller  is  reflected  more  or  less  powerfully, 
according  to  the  difference  of  their  magnitudes  :  thus,  there  is 
always  a  reflection  when  the  rays  of  light  pass  from  a  rarer  to 
a  denser  stratum  of  ether;  and  frequently  an  echo  when  a  sound 
strikes  against  a  cloud.  A  greater  body  striking  a  smaller  one, 
propels  it,  without  losing  all  its  motion  :  thus,  the  particles  of  a 
denser  stratum  of  ether,  do  not  impart  the  whole  of  their  motion 
to  a  rarer,  but,  in  their  effort  to  proceed,  they  are  recalled  by  the 
attraction  of  the  refracting  substance  with  equal  force;  and  thus 
a  reflection  is  always  secondarily  produced,  when  the  rays  of 
light  pass  from  a  denser  to  a  rarer  stratum.  Let  AB,  Plate  V. 
Fig.  29,  be  a  ray  of  light  falling  on  the  reflecting  surface  FG  : 
cd  the  direction  of  the  vibration,  pulse,  impression,  or  conden- 


Digitized  by  Google 


is8         Dr.  Youkg's  Experiments  and  Inquiries 

sation.  When  d  comes  to  H,  the  impression  wilr  be,  either 
wholly  or  partly,  reflected  with  the  same  velocity  as  it  arrived, 
and  EH  will  be  equal  to  DH ;  the  angle  EIH  to  DIH  or  CIF ; 
and  the  angle  of  reflection  to  that  of  incidence.  Let  FG,  Fig. 
30,  be  a  refracting  surface.  The  portion  of  the  pulse  IE,  which 
is  travelling  through  the  refracting  medium,  will  move  with  a 
greater  or  less  velocity  in  the  subduplicate  ratio  of  the  densities, 
and  HE  will  be  to  KI  in  that  ratio.  But  HE  is,  to  the  radius 
IH,  the  sine  of  the  angle  of  refraction;  and  KI  that  of  the  angle 
of  incidence.  This  explanation  of  refraction  is  nearly  the  same 
as  that  of  Euler.  The  total  reflection  of  a  ray  of  light  by  a 
refracting  surface,  is  explicable  in  the  same  manner  as  its  simple 
refraction ;  HE,  Fig.  3 1 ,  being  so  much  longer  than  KI,  that  the 
ray  first  becomes  parallel  to  FG,  and  then,  having  to  return 
through  an  equal  diversity  of  media,  is  reflected  in  an  equal 
angle.  When  a  ray  of  light  passes  near  an  inflecting  body, 
surrounded,  as  all  bodies  are  supposed  to  be,  with  an  atmo- 
sphere of  ether  denser  than  the  ether  of  the  ambient  air,  the 
part  of  the  ray  nearest  the  body  is  retarded,  and  of  course  the 
whole  ray  inflected  towards  the  body,  Fig.  32.  The  repulsion  of 
inflected  rays  has  been  very  ably  controverted  by  Mr.  Jordan, 
the  ingenious  author  of  a  late  publication  on  the  Inflection  of 
Light.  It  has  already  been  conjectured  by  Euler,  that  the 
colours  of  light  consist  in  the  different  frequency  of  the  vibra- 
tions of  the  luminous  ether :  it  does  not  appear  that  he  has  sup- 
ported this  opinion  by  any  argument ;  but  it  is  strongly  con- 
firmed, by  the  analogy  between  the  colours  of  a  thin  plate  and 
the  sounds  of  a  series  of  organ  pipes.  The  phaenomena  of  the 
colours  of  thin  plates  require,  in  the  Newtonian  system,  a 

very  complicated  supposition,  of  an  ether,  anticipating  by  its 
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motion  the  velocity  of  the  corpuscles  of  light,  and  thus  pro- 
ducing the  fits  of  transmission  and  reflection;  and  even  this 
supposition  does  not  much  assist  the  explanation.  It  appears, 
from  the  accurate  analysis  of  the  phenomena  which  Newton 
has  given,  and  which  has  by  no  means  been  superseded  by 
any  later  observations,  that  the  same  colour  recurs  whenever 
the  thickness  answers  to  the  terms  of  an  arithmetical  progres- 
sion. Now  this  is  precisely  similar  to  the  production  of  the 
same  sound,  by  means  of  an  uniform  blast,  from  organ-pipes 
which  are  different  multiples  of  the  same  length.  Supposing 
white  light  to  be  a  continued  impulse  or  stream  of  luminous 
ether,  it  may  be  conceived  to  act  on  the  plates  as  a  blast  of  air  does 
on  the  organ-pipes,  and  to  produce  vibrations  regulated  in  fre- 
quency by  the  length  of  the  lines  which  are  terminated  by  the 
two  refracting  surfaces.  It  may  be  objected  that,  to  complete 
the  analogy,  there  should  be  tubes,  to  answer  to  the  organ- 
pipes  :  but  the  tube  of  an  organ-pipe  is  only  necessary  to  pre- 
vent the  divergence  of  the  impression,  and  in  light  there  is  little 
or  no  tendency  to  diverge ;  and  indeed,  in  the  case  of  a  resonant 
passage,  the  air  is  not  prevented  from  becoming  sonorous  by  the 
liberty  of  lateral  motion.  It  would  seem,  that  the  determination 
of  a  portion  of  the  track  of  a  ray  of  light  through  any  homo- 
geneous stratum  of  ether,  is  sufficient  to  establish  a  length  as  a 
basis  for  colorific  vibrations.  In  inflections,  the  length  of  the 
track  of  a  ray  of  light  through  the  inflecting  atmosphere  may 
determine  its  vibrations :  but,  in  this  case,  as  it  is  probable  that 
there  is  a  reflection  from  every  part  of  the  surface  of  the  sur- 
rounding atmosphere,  contributing  to  the  appearance  of  the 
white  line  in  every  direction,  in  the  experiments  already  men- 
tioned, so  it  is  possible  that  there  may  be  some  second  reflection 
mdccc  S 
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at  the  immediate  surface  of  the  body  itself,  and  that,  by  mutual 
reflections  between  these  two  surfaces,  something  like  the 
anguiform  motion  suspected  by  Newton  may  really  take  place; 
and  then  the  analogy  to  the  colours  of  thin  plates  will  be  still 
stronger.   A  mixture  of  vibrations,  of  all  possible  frequencies, 
may  easily  destroy  the  peculiar  nature  of  each,  and  concur  in  a 
general  effect  of  white  light.  The  greatest  difficulty  in  this  sys- 
tem is,  to  explain  the  different  degree  of  refraction  of  differendy 
coloured  light,  and  the  separation  of  white  light  in  refraction  : 
yet,  considering  how  imperfect  the  theory  of  elastic  fluids  still 
remains,  it  cannot  be  expected  that  every  circumstance  should 
at  once  be  clearly  elucidated.   It  may  hereafter  be  considered 
how  far  the  excellent  experiments  of  Count  Rumford,  which 
tend  very  greatly  to  weaken  the  evidence  of  the  modern  doc- 
trine of  heat,  may  be  more  or  less  favourable  to  one  or  the  other 
system  of  light  and  colours.   It  does  not  appear  that  any  com- 
parative experiments  have  been  made  on  the  inflection  of  light 
by  substances  possessed  of  different  refractive  powers;  un- 
doubtedly some  very  interesting  conclusions  might  be  expected 
from  the  inquiry. 

XL  Of  the  Coalescence  of  musical  Sounds. 

It  is  surprising  that  so  great  a  mathematician  as  Dr.  Smith 
could  have  entertained  for  a  moment,  an  idea  that  the  vibrations 
constituting  different  sounds  should  be  able  to  cross  each  other 
in  all  directions,  without  affecting  the  same  individual  particles 
of  air  by  their  joint  forces :  undoubtedly  they  cross,  without 
disturbing  each  other's  progress ;  but  this  can  be  no  otherwise 
effected  than  by  each  particle's  partaking  of  both  motions.  If 
this  assertion  stood  in  need  of  any  proof,  it  might  be  amply 
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furnished  by  the  phaenomena  of  beats,  and  of  the  grave  har- 
monics observed  by  Romieu  and  Tartini  ;  which  M.  De  la 
Grange  has  already  considered  in  the  same  point  of  view.  In 
the  first  place,  to  simplify  the  statement,  let  us  suppose,  what 
probably  never  precisely  happens,  that  the  particles  of  air,  in 
transmitting  the  pulses,  proceed  and  return  with  uniform  mo- 
tions ;  and,  in  order  to  represent  their  position  to  the  eye,  let  . 
the  uniform  progress  of  time  be  represented  by  the  increase  of 
the  absciss,  and  the  distance  of  the  particle  from  its  original 
position,  by  the  ordinate,  Fig.  33 — 38.  Then,  by  supposing 
any  two  or  more  vibrations  in  the  same  direction  to  be  com- 
bined, the  joint  motion  will  be  represented  by  the  sum  or  dif- 
ference of  the  ordinates.  When  two  sounds  are  of  equal  strength, 
and  nearly  of  the  same  pitch,  as  in  Fig.  36,  the  joint  vibration 
is  alternately  very  weak  and  very  strong,  producing  the  effect 
denominated  a  beat,  Plate  VI.  Fig.  43,  B  and  C ;  which  is  slower 
and  more  marked,  as  the  sounds  approach  nearer  to  each  other  in 
frequency  of  vibrations ;  and,  of  these  beats  there  may  happen 
to  be  several  orders,  according  to  the  periodical  approximations 
of  the  numbers  expressing  the  proportions  of  the  vibrations. 
The  strength  of  the  joint  sound  is  double  that  of  the  simple 
sound  only  at  the  middle  of  the  beat,  but  not  throughout  its 
duration ;  and  it  may  be  inferred,  that  the  strength  of  sound  in 
a  concert  will  not  be  in  exact  proportion  to  the  number  of 
instruments  composing  it.  Could  any  method  be  devised  for 
ascertaining  this  by  experiment,  it  would  assist  in  the  comparison 
of  sound  with  light.  In  Plate  V.  Fig.  53,  let  P  and  Q  be  the  middle 
points  of  the  progress  or  regress  of  a  particle  in  two  successive 
compound  vibrations;  then,  CP  being  =  PD,  KR  =  RN,  GQ 
=  QH,  and  MS  =  SO,  twice  their  distance,  2RS  =x  2RN  -f 
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2NM  +  2 MS  =KN  +  NM  +NM  +  MO  =  KM  +  NO,  is 
equal  to  the  sum  of  the  distances  of  the  corresponding  parts  of 
the  simple  vibrations.  For  instance,  if  the  two  sounds  be  as 
80  :  81,  the  joint  vibration  will  be  as  80.5;  the  arithmetical 
mean  between  the  periods  of  the  single  vibrations.  The  greater 
the  difference  in  the  pitch  of  two  sounds,  the  more  rapid  the 
beats,  till  at  last,  like  the  distinct  puffs  of  air  in  the  expe- 
riments already  related,  they  communicate  the  idea  of  a  conti- 
nued sound;  and  this  is  the  fundamental  harmonic  described 
by  Tartini.  For  instance,  in  Plate  V.  Fig.  34 — 37,  the  vibra- 
tions of  sounds  related  as  1  :  a,  4  .5,  9  :  10,  and  5  :  8,  are 
represented ;  where  the  beats,  if  the  sounds  be  not  taken  too 
grave,  constitute  a  distinct  sound,  which  corresponds  with  the 
time  elapsing  between  two  successive  coincidences,  or  near 
approaches  to  coincidence :  for,  that  such  a  tempered  interval 
still  produces  a  harmonic,  appears  from  Plate  V.  Fig.  38.  But, 
besides  this  primary  harmonic,  a  secondary  note  is  sometimes 
heard,  where  the  intermediate  compound  vibrations  occur  at  a 
certain  interval,  though  interruptedly ;  for  instance,  in  the  coa- 
lescence of  two  sounds  related  to  each  other  as  7  :  8,  5  :  7,  or 
4 :  5,  there  is  a  recurrence  of  a  similar  state  of  the  joint  motion, 
nearly  at  the  interval  of  -fc,  -fa,  or  £  of  the  whole  period :  hence, 
in  the  concord  of  a  major  third,  the  fourth  below  the  key  note 
is  heard  as  distinctly  as  the  double  octave,  as  is  seen  in  some 
degree  in  Plate  V.  Fig.  35 ;  AB  being  nearly  two-thirds  of  CD. 
The  same  sound  is  sometimes  produced  by  taking  the  minor 
sixth  below  the  key  note;  probably  because  this  sixth,  like  every 
other  note,  is  almost  always  attended  by  an  octave,  as  a  harmo- 
nic. If  the  angles  of  all  the  figures  resulting  from  the  motion 
thus  assumed  be  rounded  off,  they  will  approach  more  nearly 
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to  a  representation  of  the  actual  circumstances ;  but,  as  the  laws 
by  which  the  motion  of  the  particles  of  air  is  regulated,  differ 
according  to  the  different  origin  and  nature  of  the  sound,  it  is 
impossible  to  adapt  a  demonstration  to  them  all :  if,  however, 
the  particles  be  supposed  to  follow  the  law  of  the  harmonic 
curve,  derived  from  uniform  circular  motion,  the  compound 
vibration  will  be  the  harmonic  instead  of  the  arithmetical  mean; 
and  the  secondary  sound  of  the  interrupted  vibrations  will  be 
more  accurately  formed,  and  more  strongly  marked,  Plate  VI. 
Figs.  4,1,  42 :  the  demonstration  is  deducible  from  the  pro- 
perties of  the  circle.  It  is  remarkable,  that  the  law  by  which  the 
motion  of  the  particles  is  governed,  is  capable  of  some  singular 
alterations  by  a  combination  of  vibrations.  By  adding  to  a  given 
sound  other  similar  sounds,  related  to  it  in  frequency  as  the 
series  of  odd  numbers,  and  in  strength  inversely  in  the  same 
ratios,  the  right  lines  indicating  an  uniform  motion  may  be  con- 
verted very  nearly  into  figures  of  sines,  and  the  figures  of  sines 
into  right  lines,  as  in  Plate  V.  Figs.  39,  40. 

XII.  Of  the  Frequency  of  Vibrations  constituting  a  given 

Note. 

The  number  of  vibrations  performed  by  a  given  sound  in  a 
second,  has  been  variously  ascertained;  first,  by  Sauveur,  by  a 
very  ingenious  inference  from  the  beats  of  two  sounds;  and 
since,  by  the  same  observer  and  several  others,  by  calculation 
from  the  weight  and  tension  of  a  chord.  It  was  thought  worth 
while,  as  a  confirmation,  to  make  an  experiment  suggested, 
but  coarsely  conducted,  by  Mersennus,  on  a  chord  200  inches 
in  length,  stretched  so  loosely  as  to  have  its  single  vibrations 
visible ;  and,  by  holding  a  quill  nearly  in  contact  with  the  chord, 
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they  were  made  audible,  and  were  found,  in  one  experiment,  to 
recur  8.3  times  in  a  second.  By  lightly  pressing  the  chord  at 
one-eighth  of  its  length  from  the  end,  and  at  other  shorter  ali- 
quot distances,  the  fundamental  note  was  found  to  be  one-sixth 
of  a  tone  higher  than  the  respective  octave  of  a  tuning-fork 
marked  C:  hence,  the  fork  was  a  comma  and  a  half  above  the 
pitch  assumed  by  Sauveur,  of  an  imaginary  C,  consisting  of 
one  vibration  in  a  second. 

XIII.  Of  the  Vibrations  of  Chords. 

By  a  singular  oversight  in  the  demonstration  of  Dr.  Brook 
Taylor,  adopted  as  it  has  been  by  a  number  of  later  authors, 
it  is  asserted,  that  if  a  chord  be  once  inflected  into  any  other 
form  than  that  of  the  harmonic  curve,  it  will,  since  those  parts 
which  are  without  this  figure  are  impelled  towards  it  by  an 
excess  of  force,  and  those  within  it  by  a  deficiency,  in  a  very 
short  time  arrive  at  or  very  near  the  form  of  this  precise  curve. 
It  would  be  easy  to  prove,  if  this  reasoning  were  allowed,  that 
the  form  of  the  curve  can  be  no  other  than  that  of  the  axis, 
since  the  tending  force  is  continually  impelling  the  chord  to- 
wards this  line.    The  case  is  very  similar  to  that  of  the  New- 
tonian proposition  respecting  sound.  It  may  be  proved,  that 
every  impulse  is  communicated  along  a  tended  chord  with  an 
uniform  velocity ;  and  this  velocity  is  the  same  which  is  inferred 
from  Dr.  Taylor's  theorem  ;  just  as  that  of  sound,  determined 
by  other  methods,  coincides  with  the  Newtonian  result.  But, 
although  several  late  mathematicians  have  given  admirable 
solutions  of  all  possible  cases  of  the  problem,  yet  it  has  still 
been  supposed,  that  the  distinctions  were  too  minute  to  be  actu- 
ally observed ;  especially,  as  it  might  have  been  added,  since 
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the  inflexibility  of  a  wire  would  dispose  it,  according  to  the  doc- 
trine of  elastic  rods,  to  assume  the  form  of  the  harmonic  curve. 
The  theorem  of  Euler  and  De  la  Grange,  in  the  case  where 
the  chord  is  supposed  to  be  at  first  at  rest,  is  in  effect  this :  con- 
tinue the  figure  each  way,  alternately  on  different  sides  of  the 
axis,  and  in  contrary  positions;  then,  from  any  point  of  the  curve, 
take  an  absciss  each  way,  in  the  same  proportion  to  the  length 
of  the  chord  as  any  given  portion  of  time  bears  to  the  time  of 
one  semivibration,  and  the  half  sum  of  the  ordinates  will  be  the 
distance  of  that  point  of  the  chord  from  the  axis,  at  the  expira- 
tion of  the  time  given.  If  the  initial  figure  of  the  chord  be  com- 
posed of  two  right  lines,  as  generally  happens  in  musical 
instruments  and  experiments,  its  successive  forms  will  be  such 
as  are  represented  in  Plate  VI.  Figs.  47,  48 :  and  this  result  is 
fully  confirmed  by  experiment.  Take  one  of  the  lowest  strings 
of  a  square  piano  forte,  round  which  a  fine  silvered  wire  is  wound 
in  a  spiral  form ;  contract  the  light  of  a  window,  so  that,  when 
the  eye  is  placed  in  a  proper  position,  the  image  of  the  light  may 
appear  small,  bright,  and  well  defined,  on  each  of  the  convolu- 
tions of  the  wire.  Let  the  chord  be  now  made  to  vibrate,  ami 
the  luminous  point  will  delineate  its  path,  like  a  burning  coal 
whirled  round,  and  will  present  to  the  eye  a  line  of  light,  which, 
by  the  assistance  of  a  microscope,  may  be  very  accurately  ob- 
served. According  to  the  different  ways  by  which  the  wire  is 
put  in  motion,  the  form  of  this  path  is  no  less  diversified  and 
amusing,  than  the  multifarious  forms  of  the  quiescent  lines  of 
vibrating  plates,  discovered  by  Professor  Chladni  ;  and  is  indeed 
in  one  respect  even  more  interesting,  as  it  appears  to  be  more 
within  the  reach  of  mathematical  calculation  to  determine  it ; 
although  hitherto,  excepting  some  slight  observations  of  Busse 
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and  Chladni,  principally  on  the  motion  of  rods,  nothing  has 
been  attempted  on  the  subject.  For  the  present  purpose,  the 
motion  of  the  chord  may  be  simplified,  by  tying  a  long  fine 
thread  to  any  part  of  it,  and  fixing  this  thread  in  a  direction 
perpendicular  to  that  of  the  chord,  without  drawing  it  so 
tight  as  to  increase  the  tension  :  by  these  means,  the  vibra- 
tions are  confined  nearly  to  one  plane,  which  scarcely  ever 
happens  when  the  chord  vibrates  at  liberty.  If  the  chord  be 
now  inflected  in  the  middle,  it  will  be  found,  by  comparison 
with  an  object  which  marked  its  quiescent  position,  to  make 
equal  excursions  on  each  side  of  the  axis;  and  the  figure  which 
it  apparently  occupies  will  be  terminated  by  two  lines,  the  more 
luminous  as  they  are  nearer  the  ends,  Plate  VI.  Fig.  49.  But, 
if  the  chord  be  inflected  near  one  of  its  extremities,  Fig.  50,  it 
will  proceed  but  a  very  small  distance  on  the  opposite  side  of 
the  axis,  and  will  there  form  a  very  bright  line,  indicating  its 
longer  continuance  in  that  place;  yet  it  will  return  on  the 
former  side  nearly  to  the  point  from  whence  it  was  let  go,  but 
will  be  there  very  faintly  visible,  on  account  of  its  short  delay. 
In  the  middle  of  the  chord,  the  excursions  on  each  side  the  axis 
are  always  equal;  and,  beyond  the  middle,  the  same  circum- 
stances take  place  as  in  the  half  where  it  was  inflected,  but  on 
the  opposite  side  of  the  axis;  and  this  appearance  continues 
unaltered  in  its  proportions,  as  long  as  the  chord  vibrates  at  all : 
fully  confirming  the  non-existence  of  the  harmonic  curve,  and 
the  accuracy  of  the  construction  of  Euler  and  De  la  Grange. 
At  the  same  time,  as  M.  Bernoulli  has  justly  observed,  since 
every  figure  may  be  infinitely  approximated,  by  considering  its 
ordinates  as  composed  of  the  ordinates  of  an  infinite  number  of 
trochoids  of  different  magnitudes,  it  may  be  demonstrated,  that 
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all  these  constituent  curves  would  revert  to  their  initial  state,  in 
the  same  time  that  a  similar  chord  bent  into  a  trochoidal  curve 
would  perform  a  single  vibration  ;  and  this  is  in  some  respects 
a  convenient  and  compendious  method  of  considering  the  pro- 
blem. But,  when  a  chord  vibrates  freely,  it  never  remains  long 
in  motion,  without  a  very  evident  departure  from  the  plane  of 
the  vibration ;  and,  whether  from  the  original  obliquity  of  the 
impulse,  or  from  an  interference  with  the  reflected  vibrations  of 
the  air,  or  from  the  inequability  of  its  own  weight  or  flexibility, 
or  from  the  immediate  resistance  of  the  particles  of  air  in  con- 
tact with  it,  it  is  thrown  into  a  very  evident  rotatory  motion, 
more  or  less  simple  and  uniform  according  to  circumstances. 
Some  specimens  of  the  figures  of  the  orbits  of  chords  are 
exhibited  in  Plate  VI.  Fig.  44.   At  the  middle  of  the  chord,  its 
orbit  has  always  two  equal  halves,  but  seldom  at  any  other 
point.    The  curves  of  Fig.  46,  are  described  by  combining 
together  various  circular  motions,  supposed  to  be  performed  in 
aliquot  parts  of  the  primitive  orbit :  and  some  of  them  approach 
nearly  to  the  figures  actually  observed.   When  the  chord  is  of 
unequal  thickness,  or  when  it  is  loosely  tended  and  forcibly 
inflected,  the  apsides  and  double  points  of  the  orbits  have  a  very 
evident  rotatory  motion.    The  compound  rotations  seem  to 
demonstrate  to  the  eye  the  existence  of  secondary  vibrations, 
and  to  account  for  the  acute  harmonic  sounds  which  generally 
attend  the  fundamental  sound.   There  is  one  fict  respecting 
these  secondary  notes,  which  seems  intirely  to  have  escaped 
observation.    If  a  chord  be  inflected  at  one-half,  one-third,  or 
any  other  aliquot  part  of  its  length,  and  then  suddenly  left  at 
liberty,  the  harmonic  note  which  would  be  produced  by  divid- 
ing the  chord  at  that  point  is  intirely  lost,  and  is  not  to  be  dis- 
mdccc  T 
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tinguished  during  any  part  of  the  continuance  of  the  sound. 
This  demonstrates,  that  the  secondary  notes  do  not  depend 
upon  any  interference  of  the  vibrations  of  the  air  with  each 
other,  nor  upon  any  sympathetic  agitation  of  auditory  fibres, 
nor  upon  any  effect  of  reflected  sound  upon  the  chord,  but 
merely  upon  its  initial  figure  and  motion.   If  it  were  supposed 
that  the  chord,  when  inflected  into  right  lines,  resolved  itself 
necessarily  into  a  number  of  secondary  vibrations,  according  to 
some  curves  which,  when  properly  combined,  would  approxi- 
mate to  the  figure  given,  the  supposition  would  indeed  in  some 
respects  correspond  with  the  phasnomenon  related;  as  the  coef- 
ficients of  all  the  curves  supposed  to  end  at  the  angle  of  inflec- 
tion would  vanish.  But,  whether  we  trace  the  constituent  curves 
of  such  a  figure  through  the  various  stages  of  their  vibrations, 
or  whether  we  follow  the  more  compendious  method  of  Euler 
to  the  same  purpose,  the  figures  resulting  from  this  series  of 
vibrations  are  in  fact  so  simple,  that  it  seems  inconceivable  how 
the  ear  should  deduce  the  complicated  idea  of  a  number  of 
heterogeneous  vibrations,  from  a  motion  of  the  particles  of  air 
which  must  be  extremely  regular,  and  almost  uniform ;  an  uni- 
formity which,  when  proper  precautions  are  taken,  is  not  con- 
tradicted by  examining  the  motion  of  the  chord  with  the  assist- 
ance of  a  powerful  magnifier.    This  difficulty  occurred  very 
.strongly  to  Euler  ;  and  De  la  Grange  even  suspects  some 
fallacy  in  the  experiment,  and  that  a  musical  ear  judges  from 
previous  association.    But,  besides  that  these  sounds  are  disco- 
verable to  an  ear  destitute  of  such  associations,  and,  when  the 
sound  is  produced  by  two  strings  in  imperfect  unison,  may  be 
verified  by  counting  the  number  of  their  beats,  the  exj>eri- 
ment  already  related  is  an  undeniable  proof  that  no  fallacy 
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of  this  kind  exists.    It  must  be  confessed,  that  nothing  fully 
satisfactory  has  yet  occurred  to  account  for  the  phaenomena; 
but  it  is  highly  probable  that  the  slight  increase  of  tension  pro- 
duced by  flexure,  which  is  omitted  in  the  calculations,  and  the 
unavoidable  inequality  of  thickness  or  flexibility  of  different 
parts  of  the  same  chord,  may,  by  disturbing  the  isochronism  of 
the  subordinate  vibrations,  cause  all  that  variety  of  sounds 
which  is  so  inexplicable  without  them.  For,  when  the  slightest 
difference  is  introduced  in  the  periods,  there  is  no  difficulty  in 
conceiving  how  the  sounds  may  be  distinguished ;  and  indeed, 
in  some  cases,  a  nice  ear  will  discover  a  slight  imperfection  in 
the  tune  of  harmonic  notes :  it  is  also  often  observed,  in  tuning 
an  instrument,  that  some  of  the  single  chords  produce  beating 
sounds,  which  undoubtedly  arise  from  their  want  of  perfect 
uniformity.   It  may  be  perceived  that  any  particular  harmonic 
is  loudest,  when  the  chord  is  inflected  at  about  one-third  of  the 
corresponding  aliquot  part  from  one  of  the  extremities  of  that 
part.    An  observation  of  Dr.  Wallis  seems  to  have  passed 
unnoticed  by  later  writers  on  harmonics.  If  the  string  of  a  violin 
be  struck  in  the  middle,  or  at  any  other  aliquot  part,  it  will 
give  either  no  sound  at  all,  or  a  very  obscure  one.  This  is  true, 
not  of  inflection,  but  of  the  motion  communicated  by  a  bow ; 
and  may  be  explained  from  the  circumstance  of  the  successive 
impulses,  reflected  from  the  fixed  points  at  each  end,  destroy- 
ing each  other:  an  explanation  nearly  analogous  to  some 
observations  of  Dr.  Matthew  Young  on  the  motion  of  chords. 
When  the  bow  is  applied  not  exactly  at  the  aliquot  point,  but 
very  near  it,  the  corresponding  harmonic  is  extremely  loud: 
and  the  fundamental  note,  especially  in  the  lowest  harmonics, 
scarcely  audible :  the  chord  assumes  the  appearance,  at  the 

T  2 


Digitized  by  Google 


140  Dr.  Young's  Experiments  and  Inquiries 

aliquot  points,  of  as  many  lucid  lines  as  correspond  to  the 
number  of  the  harmonic,  more  nearly  approaching  to  each 
other  as  the  bow  approaches  more  nearly  to  the  point,  Plate  VI. 
Fig.  51 .  According  to  the  various  modes  of  applying  the  bow, 
an  immense  variety  of  figures  of  the  orbits  are  produced, 
Fig.  45,  more  than  enough  to  account  for  all  the  difference 
of  tone  in  different  performers.  In  observations  of  this  kind,  a 
series  of  harmonics  is  frequently  heard  in  drawing  the  bow 
across  the  same  part  of  the  chord :  these  are  produced  by  the 
bow  ;  they  are  however  not  proportionate-  to  the  whole  length 
of  the  bow,  but  depend  on  the  capability  of  the  portion  of  the 
bowstring,  intercepted  between  its  end  and  the  chord,  of  per- 
forming its  vibrations  in  times  which  are  aliquot  parts  of  the 
vibration  of  the  chord :  hence  it  would  seem,  that  the  bow  takes 
effect  on  the  chord  but  at  one  instant  during  each  fundamental 
vibration.  In  these  experiments,  the  bow  was  strung  with  the 
second  string  of  a  violin :  and,  in  the  preparatory  application 
of  resin,  the  longitudinal  sound  of  Chladni  was  sometimes 
heard ;  but  it  was  observed  to  differ  at  least  a  note  in  different 
parts  of  the  string. 

XIV.  Of  the  Vibrations  of  Rods  and  Plates. 

Some  experiments  were  made,  with  the  assistance  of  a  most 
excellent  practical  musician,  on  the  various  notes  produced  by 
a  glass  tube,  an  iron  rod,  and  a  wooden  ruler;  and,  in  a  case 
where  the  tube  was  as  much  at  liberty  as  possible,  all  the  har- 
monics corresponding  to  the  numbers  from  1  to  13,  were  dis- 
tinctly observed ;  several  of  them  at  the  same  time,  and  others 
by  means  of  different  blows.  This  result  seems  to  differ  from 
the  calculations  of  Eulkr  and  Count  Riccati,  confirmed  as 
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they  are  by  the  repeated  experiments  of  Professor  Chladni  ;  it 
is  not  therefore  brought  forward  as  sufficiently  controverting 
those  calculations,  but  as  showing  the  necessity  of  a  revision  of 
the  experiments.  Scarcely  any  note  could  ever  be  heard  when 
a  rod  was  loosely  held  at  its  extremity ;  nor  when  it  was  held 
in  the  middle,  and  struck  one-seventh  of  the  length  from  one 
end.  The  very  ingenious  method  of  Professor  Chladni,  of 
observing  the  vibrations  of  plates  by  strewing  fine  sand  over 
them,  and  discovering  the  quiescent  lines  by  the  figures  into 
which  it  is  thrown,  has  hitherto  been  little  known  in  this 
country :  his  treatise  on  the  phenomena  is  so  complete,  that  no 
other  experiments  of  the  kind  were  thought  necessary.  Glass 
vessels  of  various  descriptions,  whether  made  to  sound  by  per- 
cussion or  friction,  were  found  to  be  almost  intirely  free  from 
harmonic  notes ;  and  this  observation  coincides  with  the  expe- 
riments of  Chladni. 

XV.  Of  the  human  Voice. 

The  human  voice,  which  was  the  object  originally  proposed  to 
be  illustrated  by  these  researches,  is  of  so  complicated  a  nature, 
and  so  imperfectly  understood,  that  it  can  be  on  this  occasion  but 
superficially  considered.  No  person,  unless  we  except  M.  Fer- 
rein,  has  published  any  thing  very  important  on  the  subject  of 
the  formation  of  the  voice,  before  or  since  Dodart;  his  reason- 
ing has  fully  shown  the  analogy  between  the  voice  and  the  voix 
bumaine  and  regal  organ-pipes:  but  his  comparison  with  the 
whistle  is  unfortunate;  nor  is  he  more  happy  in  his  account  of  the 
falsetto.  A  kind  of  experimental  analysis  of  the  voice  may  be 
thus  exhibited.  By  drawing  in*  the  breath,  and  at  the  same  time 
properly  contracting  the  larynx,  a  slow  vibration  of  the  ligaments 
of  the  glottis  may  be  produced,  making  a  distinct  clicking  sound; 
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upon  increasing  the  tension,  and  the  velocity  of  the  breath,  this 
clicking  is  lost,  and  the  sound  becomes  continuous,  but  of  an 
extremely  grave  pitch :  it  may,  by  a  good  ear,  be  distinguished 
two  octaves  below  the  lowest  A  of  a  common  bass  voice,  con- 
sisting in  that  case  of  about  26  vibrations  in  a  second.  The 
same  sound  may  be  raised  nearly  to  the  pitch  of  the  common 
voice ;  but  it  is  never  smooth  and  clear,  except  perhaps  in  some 
of  those  persons  called  ventriloquists.  When  the  pitch  is  raised 
still  higher,  the  upper  orifice  of  the  larynx,  fonned  by  the 
summits  of  the  arytaenoid  cartilages  and  the  epiglottis,  seems  to 
succeed  to  the  office  of  the  ligaments  of  the  glottis,  and  to  pro- 
duce a  retrograde  falsetto,  which  is  capable  of  a  very  great 
degree  of  acutcness.  The  same  difference  probably  takes  place 
between  the  natural  voice  and  the  common  falsetto :  the  rimula 
glottidis  being  too  long  to  admit  of  a  sufficient  degree  of  tension 
for  very  acute  sounds,  the  upper  orifice  of  the  larynx  supplies 
its  place;  hence,  taking  a  rtote  within  the  compass  of  either 
voice,  it  may  be  held,  with  the  same  expanse  of  air,  two  or  three 
times  as  long  in  a  falsetto  as  in  a  natural  voice;  hence,  too, 
the  difficulty  of  passing  smoothly  from  the  one  voice  to  the 
other.  It  has  been  remarked,  that  the  larynx  is  always  elevated 
when  the  sound  is  acute:  but  this  elevation  is  only  necessary  in 
rapid  transitions,  as  in  a  shake ;  and  then  probably  because,  by 
the  contraction  of  the  capacity  of  the  trachea,  an  increase  of  the 
pressure  of  the  breath  can  be  more  rapidly  effected  this  way, 
than  by  the  action  of  the  abdominal  muscles  alone.  The  reflec- 
tion of  the  sound  thus  produced  from  the  various  parts  of  the 
cavity  of  the  mouth  and  nostrils,  mixing  at  various  intervals 
with  the  portions  of  the  vibrations  directly  proceeding  from  the 
larynx,  must,  according  to  the  temporary  form  of  the  parts, 
variously  affect  the  laws  of  the  motion  of  the  air  in  each  vibra- 
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tion,  or,  according  to  Euler's  expression,  the  equation  of 
the  curve  conceived  to  correspond  with  this  motion,  and  thus 
produce  the  various  characters  of  the  vowels  and  semi-vowels. 
The  principal  sounding  board  seems  to  be  the  bony  palate: 
the  nose,  except  in  nasal  letters,  affords  but  little  resonance ;  for 
the  nasal  passage  may  be  closed,  by  applying  the  finger  to  the 
soft  palate,  without  much  altering  the  sound  of  vowels  not 
nasal.  A  good  ear  may  distinctly  observe,  especially  in  a  loud 
bass  voice,  besides  the  fundamental  note,  at  least  four  harmonic 
sounds,  in  the  order  of  the  natural  numbers;  and,  the  more 
reedy  the  tone  of  the  voice,  the  more  easily  they  are  heard. 
Faint  as  they  are,  their  origin  is  by  no  means  easy  to  be  ex- 
plained. This  observation  is  precisely  confirmed,  in  a  late  dis- 
sertation of  M.  Knecht,  published  in  the  musical  newspaper  of 
Leipsic.  Perhaps,  by  a  close  attention  to  the  harmonics  entering 
into  the  constitution  of  various  sounds,  more  may  be  done  in 
their  analysis  than  could  otherwise  be  expected. 

XVI.  Of  the  Temperament  of  musical  Intervals. 

It  would  have  been  extremely  convenient  for  practical  musi- 
cians, and  would  have  saved  many  warm  controversies  among 
theoretical  ones,  if  three  times  the  ratio  of  4  to  5,  or  four  times 
that  of  5  to  6,  had  been  equal  to  the  ratio  of  1  to  2.  As  it  hap- 
pens to  be  otherwise,  it  has  been  much  disputed  in  what  inter- 
vals the  imperfection  should  be  placed.  The  Aristoxenians 
and  Pythagoreans  were  in  some  sense  the  beginners  of  the 
controversy.  Sauveur  has  given  very  comprehensive  tables  of 
a  great  number  of  systems  of  temperament;  and  his  own  now 
ranks  among  the  many  that  are  rejected.  Dr.  Smith  has  written 
a  large  and  obscure  volume,  which,  for  every  purpose  but  for 
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the  use  of  an  impracticable  instrument,  leaves  the  whole  subject 
precisely  where  it  found  it.  Kirnberger,  Marpurg,  and  other 
German  writers,  have  disputed  with  great  bitterness,  almost 
every  one  for  a  particular  method  of  tuning.  It  is  not  with 
any  confidence  of  success,  that  one  more  attempt  is  made, 
which  rests  its  chief  claim  to  preference,  on  the  similarity  of  its 
theory  to  the  actual  practice  of  the  best  instrument-makers. 
However  we  estimate  the  degree  of  imperfection  of  two  tem- 
pered concords  of  the  same  nature,  it  will  appear,  that  the 
manner  of  dividing  the  temperament  between  them  does  not 
materially  alter  its  aggregate  sum;  for  instance,  the  imperfection 
of  a  comma  in  a  major-third,  occasions  it  to  beat  very  nearly 
twice  as  fast  as  that  of  half  a  comma.  If  indeed  the  imperfection 
were  great,  it  might  affect  an  interval  so  materially  as  to  destroy 
its  character;  as,  in  some  methods  of  temperament,  a  minor 
third  diminished  by  two  commas  approaches  more  nearly  to  the 
ratio  6:7,  than  to  5  :  6  ;  but,  with  this  limitation,  the  sum  of 
harmony  is  nearly  equal  in  all  systems.  Hence,  if  every  one  of 
the  twelve  major  and  minor  thirds  occurred  equally  often  in 
the  compositions  which  are  to  be  performed  on  an  instrument, 
it  would  be  of  no  great  consequence,  to  the  sum  of  the  imper- 
fections, among  which  of  the  thirds  they  were  divided :  and, 
even  in  this  case,  the  opinion  of  the  best  practical  authors  is, 
that  the  difference  of  character  produced  by  a  difference  of  pro- 
portions in  various  keys,  would  be  of  considerable  advantage  in 
the  general  effect  of  modulation.  But,  when  it  is  considered,  that 
upon  an  average  of  all  the  music  ever  composed,  some  parti- 
cular keys  occur  at  least  twice  as  often  as  others,  there  seems 
to  be  a  very  strong  additional  reason  for  making  the  harmony 
the  most  perfect  in  those  keys  which  are  the  most  frequently 
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used ;  since  the  aggregate  sum  of  all  the  imperfections  which 
occur  in  playing,  must  by  this  means  be  diminished  in  the  greatest 
possible  degree,  and  the  diversity  of  character  at  the  same  time 
preserved.    Indeed,  in  practice,  this  method,  under  different 
modifications,  has  been  almost  universal ;  for,  although  many 
have  pretended  to  an  equal  temperament,  yet  the  methods  which 
they  have  employed  to  attain  it  have  been  evidently  defective. 
It  appears  to  me,  that  every  purpose  may  be  answered,  by 
making  C  :  E  too  sharp  by  a  quarter  of  a  comma,  which 
will  not  offend  the  nicest  ear;  E  :  G*,  and  A*  :  C,  equal; 
F* :  A*  too  sharp  by  a  comma;  and  the  major  thirds  of  all  the 
intermediate  keys  more  or  less  perfect,  as  they  approach  more 
or  less  to  C  in  the  order  of  modulation.   The  fifths  are  perfect 
enough  in  every  system.  The  results  of  this  method  are  shown 
in  Table  xn.    In  practice,  nearly  the  same  effect  may  be  very 
simply  produced,  by  tuning  from  C  to  F,  B>,  EA,  G*,  C*,  F* 
six  perfect  fourths ;  and  C,  G,  D,  A,  E,  B,  F*,  six  equally  im- 
perfect fifths,  Plate  VI.  Fig.  52.  If  the  unavoidable  imperfections 
of  the  fourths  be  such  as  to  incline  them  to  sharpness,  the 
temperament  will  approach  more  nearly  to  equality,  which  is 
preferable  to  an  inaccuracy  on  the  other  side.   An  easy  method 
of  comparing  different  systems  of  temperament  is  exhibited  in 
Plate  VII.  Fig.  53,  which  may  easily  be  extended  to  all  the  sys- 
tems that  have  ever  been  invented. 
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Table  xn. 


A 

B 

C 

C  5000c 

B  53224 

B*  56131 

A  59676 
G*  63148 

G  66822 

r  71041 

F  74921 

E  79752 
E*  83810 
D  89304 

C*  94723 
C  100000 

1  C       -f-  .0013487 

2  G,  F  .0019006 

3  D,  B*  .0024525 

4  A,  E*  .0034641 

5  E,  A*  .0044756 

6  B,  C*  .0049353 

7  F*  .0053950 

1  A,  E  —  .0023603 

2  D,  B  .0029122 

3  G,  F*  .0034641 

4  C,  C*  .0044756 

5  F,  G*  .0049353 

6  B*,  E*  .0053950 

D 

1  E'f  G*,  C*,  F*    -  .ooooooo 
s  F,  B*,  E,  B  0004597 
3  C,  G,  D,  A  .0011562 

A,  shows  the  division  of  a  monochord  corresponding  to 
each  note,  in  the  system  proposed.  B,  the  logarithm  of  the 
temperament  of  each  of  the  major  thirds.  C,  of  the  minor 
thirds.   D,  of  the  fifths  ;  C  and  D  being  both  negative. 


Thus,  Sir,  I  have  endeavoured  to  advance  a  few  steps  only, 
in  the  investigation  of  some  very  obscure  but  interesting  sub- 
jects. As  far  as  I  know,  most  of  these  observations  are  new ; 
but,  if  they  should  be  found  to  have  been  already  made  by  any 
other  person,  their  repetition  in  a  connected  chain  of  inference 
may  still  be  excusable.  I  am  persuaded  also,  that  at  least  some 
of  the  positions  maintained  are  incontrovertibly  consistent  with 
truth  and  nature  ;  but,  should  further  experiments  tend  to  con- 
fute any  opinions  that  I  have  suggested,  I  shall  relinquish  them 
with  as  much  readiness  as  I  have  long  since  abandoned  the 
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hypothesis  which  I  once  took  the  liberty  of  submitting  to  the 
Royal  Society,  on  the  functions  of  the  crystalline  lens. 

I  am,  &c. 

Emanuel  College,  Cambridge,  THOMAS  YOUNG. 

8th  July,  1799. 

EXPLANATION  OF  THE  FIGURES. 

(See  Plates  III.  IV.  V.  VI.  and  VII.) 
Plate  III. 

Figs.  1 — 6.  The  section  of  a  stream  of  air  from  a  tube  .07 
inch  in  diameter,  as  ascertained  by  measuring  the  breadth 
of  the  impression  on  the  surface  of  a  liquid.  The  pressure  im- 
pelling the  current,  was  in  Fig.  1,  1  inch.  Fig  2,  2.  Fig.  3, 

8-  Fig-  4»  4-  Fig-  5,  7-  Fig.  6,  10. 

Figs.  7 — 12.  A  similar  section,  where  the  tube  was  .1  in  dia- 
meter, compared  with  the  section  as  inferred  from  the  experi- 
ments with  two  gages,  which  is  represented  by  a  dotted  line. 
From  this  comparison  it  appears,  that  where  the  velocity  of 
the  current  was  small,  its  central  parts  only  displaced  the 
liquid ;  and  that,  where  it  was  great,  it  displaced,  on  meeting 
with  resistance,  a  surface  somewhat  greater  than  its  own  sec- 
tion. The  pressure  was  in  Fig.  7,  1.  Fig.  8,  2.  Fig.  9,  3.  Fig. 
10,  4.  Fig.  11,  7.  Fig.  12,  10. 

Figs.  13 — 20.  A,  the  half  section  of  a  stream  of  air  from  a 
tube  .1  in  diameter,  as  inferred  from  experiments  with  two 
water  gages.  The  pressure  was  in  Fig.  13,  .1.  Fig.  14,  .2.  Fig. 
15,  .5.  Fig.  16,  1.  Fig.  17,  3.  Fig.  18,  5.  Fig.  19,  7.  Fig.  20, 
10.  The  fine  lines,  marked  B,  show  the  result  of  the  observa- 
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tions  with  an  aperture  .15  in  diameter  opposed  to  the  stream; 
C  with  .3 ;  and  D  with  .5. 

Figs.  2 1 — 23.  A,  the  half  section  of  a  current  from  a  tube  .3 
in  diameter,  with  a  pressure  of  .5,  of  1,  and  of  3.  B  shows  the 
course  of  a  portion  next  the  axis  of  the  current,  equal  in  dia- 
meter to  those  represented  by  the  last  figures. 

Plate  IV. 

Fig.  24.  The  appearance  of  a  stream  of  smoke  forced  very 
gently  from  a  fine  tube.  Fig.  25  and  26,  the  same  appearance 
when  the  pressure  is  gradually  increased. 

Fig.  27.  See  Section  III. 

Fig.  28.  The  perpendicular  lines  over  each  division  of  the 
horizontal  line  sjiow,  by  their  length  and  distance  from  that 
line,  the  extent  of  pressure  capable  of  producing,  from  the  re- 
spective pipes,  the  harmonic  notes  indicated  by  the  figures  placed 
opposite  the  beginning  of  each,  according  to  the  scale  of  22 
inches  parallel  to  them.  The  larger  numbers,  opposite  the  middle 
of  each  of  these  lines,  show  the  number  of  vibrations  of  the  cor- 
responding sound  in  a  second. 

Plate  V. 
Figs.  29 — 33.  See  Section  X. 

Fig.  34,.  The  combination  of  two  equal  sounds  constituting  the 
interval  of  an  octave,  supposing  the  progress  and  regress  of 
the  particles  of  air  equable.  Figs.  35,  36,  37,  a  similar  repre- 
sentation of  a  major  third,  major  tone,  and  minor  sixth. 

Fig.  38.  A  fourth,  tempered  about  two  commas. 

Fig.  39.  A  vibration  of  a  similar  nature,  combined  with  subor- 
dinate vibrations  of  the  same  kind  in  the  ratios  of  3,  5,  and  7. 
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Fig.  40.  A  vibration  represented  by  a  curve  of  which  the 
ordinates  are  the  sines  of  circular  arcs  increasing  uniformly, 
corresponding  with  the  motion  of  a  cycloidal  pendulum,  com- 
bined with  similar  subordinate  vibrations  in  the  ratios  of  3,  5, 
and  7. 

Plate  VI. 

Figs.  41  and  42.  Two  different  positions  of  a  major  third, 
composed  of  similar  vibrations,  as  represented  by  figures  of 
sines. 

Fig.  43.  A  contracted  representation  of  a  series  of  vibrations. 
A,  a  simple  uniform  sound.  B,  the  beating  of  two  equal  sounds 
nearly  in  unison,  as  derived  from  rectilinear  figures.  C,  the 
beats  of  two  equal  sounds,  derived  from  figures  of  sines.  D,  a 
musical  consonance,  making  by  its  frequent  beats  a  fundamental 
harmonic.  E,  the  imperfect  beats  of  two  unequal  sounds. 

Fig.  44.  Various  forms  of  the  orbit  of  a  musical  chord,  when 
inflected,  and  when  struck. 

Fig.  45.  Forms  of  the  orbit,  when  the  sound  is  produced  by 
means  of  a  bow. 

Fig.  46.  Epitrochoidal  curves,  formed  by  combining  a  simple 
rotation  or  vibration  with  other  subordinate  rotations  or  vibra- 
tions. 

Figs.  47  and  48.  The  successive  forms  of  a  tended  chord, 
when  inflected  and  let  go,  according  to  the  construction  of 
De  la  Grange  and  Euler. 

Fig.  49.  The  appearance  of  a  vibrating  chord  which  had  been 
inflected  in  the  middle,  the  strongest  lines  representing  the 
most  luminous  parts. 

Fig.  50.  The  appearance  of  a  vibrating  chord,  when  inflected 
at  any  other  point  than  the  middle. 
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Fig.  51.  The  appearance  of  a  chord,  when  put  in  motion  by 
a  bow  applied  nearly  at  one  third  of  the  length  from  its  end. 
Fig.  52.  The  method  of  tuning  recommended  for  common  use. 

Plate  VII. 

Fig.  53.  A  comparative  view  of  different  systems  of  tem- 
perament. The  whole  circumference  represents  an  octave.  The 
inner  circle  L  is  divided  into  30103  parts,  corresponding  with 
the  logarithmical  parts  of  an  octave.  The  next  circle  R  shows 
the  magnitude  of  the  simplest  musical  and  other  ratios.  Q  is  di- 
vided into  twelve  equal  parts,  representing  the  semitones  of  the 
equal  temperament  described  by  Zarlino,  differing  but  little 
from  the  system  of  Aristoxenus,  and  warmly  recommended  by 
Marpurg  and  other  late  writers.  Y  exhibits  the  system  pro- 
posed in  this  paper  as  the  most  desirable ;  and  P  the  practical 
method  nearly  approaching  to  it,  which  corresponds  with  the 
eleventh  method  in  Marpurg's  enumeration,  except  that,  by 
beginning  with  C  instead  of  B,  the  practical  effect  of  the  tem- 
perament is  precisely  inverted.  K  is  the  system  of  Kirnberger 
and  Sulzer  ;  which  is  derived  from  one  perfect  third,  ten  per- 
fect and  two  equally  imperfect  fifths.  M  is  the  system  of  mean 
tones,  the  sistema  participate  of  the  old  Italian  writers,  still  fre- 
quently used  in  tuning  organs,  approved  also  by  Dr.  Smith  for 
common  use.  S  shows  the  result  of  all  the  calculations  in  Dr. 
Smith's  harmonics,  the  system  proposed  for  his  changeable 
harpsichord,  but  neither  in  that  nor  any  other  form  capable  of 
practical  application.  ^ 
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VIII.  Observations  on  the  Effects  wbicb  take  place  from  the  De- 
struction of  the  Membrana  Tympani  of  the  Ear.  By  Mr.  Astley 
Cooper.  In  a  Letter  to  Everard  Home,  Esq.  F.  R.  S.  by 
whom  some  Remarks  are  added. 

Read  February  0,  1800. 

DEAR  SIR, 

At  the  time  you  were  engaged  in  the  investigation  of  the 
structure  and  uses  of  the  membrana  tympani,  you  mentioned 
a  wish  to  ascertain  the  effect  a  rupture  of  that  membrane  would 
have  upon  hearing.  I  now  send  you  some  observations  on  that 
subject,  which,  if  you  think  them  of  sufficient  importance,  you 
will  do  me  the  honour  of  presenting  to  the  Royal  Society. 

I  am,  &c. 

ASTLEY  COOPER. 

Anatomists  have  endeavoured  to  ascertain,  by  experiments 
on  quadrupeds,  the  loss  of  power  which  the  organ  of  hearing 
would  sustain  by  perforating  the  membrana  tympani:  dogs 
have  been  made  the  subject  of  these  trials ;  but  the  results  have 
been  neither  clear  nor  satisfactory,  and  they  accord  but  little 
with  the  phenomena  I  am  about  to  relate. 

Mr.  Cheselden  had  conceived  the  design  of  making  the 
human  organ  itself  the  subject  of  direct  experiment;  and  a  con- 
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demned  criminal  was  pardoned,  on  condition  of  his  submitting 
to  it ;  but,  a  popular  outcry  being  raised,  it  was  thought  proper 
to  relinquish  the  idea. 

Though  denied  the  aid  of  experiment,  we  are  not  without  the 
means  of  obtaining  knowledge  upon  such  subjects ;  since  the 
changes  produced  by  disease,  frequently  furnish  a  clue  which  is 
equally  satisfactory. 

It  often  happens,  that  some  parts  of  an  organ  are  destroyed 
by  disease,  whilst  others  are  left  in  their  natural  state;  and 
hence,  by  the  powers  retained  by  such  organ,  after  a  partial 
destruction,  we  are  enabled  to  judge  of  the  functions  performed 
by  those  parts,  when  the  whole  was  in  health. 

Guided  by  this  principle,  I  have  made  the  human  ear  the 
subject  of  observation,  and  have  endeavoured  to  ascertain  the 
degree  of  loss  it  sustains  in  its  powers  by  the  want  of  the  raem- 
brana  tympani ;  a  membrane  which  has  been  generally  consi- 
dered, from  its  situation  in  the  meatus,  and  its  connection  with 
the  adjacent  parts  by  a  beautiful  and  delicate  structure,  as  essen- 
tially necessary  to  the  sense  of  hearing;  but  which,  as  appears 
by  the  following  observations,  may  be  lost,  with  little  prejudice 
to  the  functions  of  the  organ. 

Mr.  P  ,  a  medical  student  at  St.  Thomas's  Hospital,  of 

the  age  of  twenty  years,  applied  to  me,  in  the  winter  of  1797, 
while  he  was  attending  a  course  of  anatomical  lectures,  request- 
ing my  opinion  upon  the  nature  of  a  complaint  in  his  ear, 
which  had  long  rendered  him  slightly  deaf. 

Upon  inquiring  into  the  nature  of  the  symptoms  which  had 
preceded,  and  of  those  which  now  accompanied  the  disease,  he 
informed  me,  that  he  had  been  subject  from  his  infancy  to  pains 
in  the  head,  and  was  attacked,  at  the  age  of  ten  years,  with  an  in- 
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flammation  and  suppuration  m  the  left  ear,  which  continued  dis- 
charging matter  for  several  weeks:  in  the  space  of  about  twelve 
months  after  the  first  attack,  symptoms  of  a  similar  kind  took 
place  in  the  right  ear,  from  which  also  matter  issued  for  a  con- 
siderable time.  The  discharge  in  each  instance  was  thin,  and 
extremely  offensive  to  the  smell ;  and,  in  the  matter,  bones  or 
pieces  of  bones  were  observable.  The  immediate  consequence 
of  these  attacks  was  a  total  deafness,  which  continued  for  three 
months;  the  hearing  then  began  to  return,  and,  in  about  ten 
months  from  the  last  attack,  was  restored  to  the  state  in  which 
it  at  present  remains. 

Having  thus  described  the  disease  and  its  symptoms,  he  gave 
me  the  following  satisfactory  proof  of  each  membrana  tympani 
being  imperfect.  Having  filled  his  mouth  with  air,  he  closed  the 
nostrils,  and  contracted  his  cheeks  :  the  air,  thus  compressed, 
was  heard  to  rush  through  the  meatus  auditorius,  with  a  whistling 
noise,  and  the  hair  hanging  from  the  temples  became  agitated 
by  the  current  of  air  which  issued  from  the  ear.  To  determine 
this  with  greater  precision,  I  called  for  a  lighted  candle,  which 
was  applied  in  turn  to  each  ear,  and  the  flame  was  agitated  in  a 
similar  manner.  Struck  with  the  novelty  of  these  phenomena,  I 
wished  to  have  many  witnesses  of  them,  and  tlierefore  requested 
him,  at  the  conclusion  of  the  lecture  upon  the  organ  of  hearing, 
to  exhibit  them  to  his  fellow  students,  with  which  request  he 
was  so  obliging  as  to  comply. 

It  was  evident  from  these  experiments,  that  the  membrana 
tympani  of  each  ear  was  incomplete,  and  that  the  air  issued 
from  the  mouth,  by  the  Eustachian  tube,  through  an  opening  in 
that  membrane,  and  escaped  by  the  external  meatus. 

To  determine  the  degree  in  which  the  membrana  tympani 
mdccc  X 
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had  been  injured,  I  passed  a  probe  into  each  ear,  and  found  that 
the  membrane  on  the  left  side  was  entirely  destroyed ;  since 
the  probe  struck  against  the  petrous  portion  of  the  temporal 
bone,  at  the  interior  part  of  the  tympanum,  not  by  passing 
through  a  small  opening;  for,  after  an  attentive  examination,  the 
space  usually  occupied  by  the  membrana  tympani  was  found 
to  be  an  aperture,  without  one  trace  of  membrane  remaining. 

On  the  right  side  also,  a  probe  could  be  passed  into  the  cavity 
of  the  tympanum ;  but  here,  by  conducting  it  along  the  sides  of 
the  meatus,  some  remains  of  the  circumference  of  the  mem- 
brane could  be  discovered,  with  a  circular  opening  in  its  centre, 
about  the  fourth  of  an  inch  in  diameter. 

From  such  a  destruction  of  this  membrane,  partial  indeed  in 
one  ear,  but  complete  in  the  other,  it  might  be  expected  that  a 
total  annihilation  of  the  powers  of  the  organ  would  have  fol- 
lowed :  but  the  deafness  was  inconsiderable.  This  gentleman, 
if  his  attention  were  exerted,  was  capable,  when  in  company,  of 
hearing  whatever  was  said  in  the  usual  tone  of  conversation ; 
and  it  is  worthy  of  remark,  that  he  could  hear  with  the  left  ear 
better  than  with  the  right,  though  in  the  left  no  traces  of  the 
membrana  tympani  could  be  perceived. 

When  attending  the  anatomical  lectures  also,  he  could  hear, 
even  at  the  most  distant  part  of  the  theatre,  every  word  that  was 
delivered ;  though,  to  avoid  the  regular  and  constant  exertion 
which  it  required,  he  preferred  placing  himself  near  the  lec- 
turer. 

I  found,  however,  that  when  a  note  was  struck  upon  the 
piano  forte,  he  could  hear  it  only  at  two  thirds  of  the  distance 
at  which  I  could  hear  it  myself ;  and  he  informed  me,  that  in 
a  voyage  he  had  made  to  the  East  Indies,  while  others,  when 
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ships  were  hailed  at  sea,  could  catch  words  with  accuracy,  his 
organ  of  hearing  received  only  an  indistinct  impression.  But  the 
most  extraordinary  circumstance  in  Mr.  P — 's  case  is,  that  the 
ear  was  nicely  susceptible  of  musical  tones ;  for  be  played  well 
on  the  flute \  and  bad  frequently  borne  a  part  in  a  concert.  I  speak 
this,  not  from  his  own  authority  only,  but  also  from  that  of 
his  father,  who  is  an  excellent  judge  of  music,  and  plays  well 
on  the  violin :  he  told  me,  that  his  son,  besides  playing  on  the 
flute,  sung  with  much  taste,  and  perfectly  in  tune. 

The  slight  degree  of  deafness  of  which  Mr.  P —  complained, 
was  always  greatly  increased  by  his  catching  cold :  an  effect 
which  seems  to  have  arisen  from  the  meatus  being  closed  by  an 
accumulation  of  the  natural  secretion  of  the  ear;  for  it  fre- 
quently happened  to  him,  after  he  had  been  some  time  deaf 
from  cold,  that  a  large  piece  of  hardened  wax,  during  a  fit  of 
coughing,  was  forced  from  the  ear,  by  the  air  rushing  from  the 
mouth  through  the  Eustachian  tube,  and  his  hearing  was  in- 
stantly restored. 

From  bathing  likewise  he  suffered  considerable  inconvenience, 
unless  his  ears  were  guarded  against  the  water,  by  cotton  being 
previously  forced  into  the  meatus.  When  this  precaution  was 
neglected,  the  water,  as  he  plunged  in,  by  rushing  into  the  inte- 
rior parts  of  the  ears,  occasioned  violent  pain,  and  brought  on  a 
deafness,  which  continued  until  the  cause  was  removed,  that  is, 
until  the  water  was  discharged  :  but  he  had  acquired  the  habit 
of  removing  it,  by  forcing  air  from  the  mouth  through  the  ear. 

In  a  healthy  ear,  when  the  meatus  auditorius  is  stopped  by 
the  finger,  or  is  otherwise  closed,  a  noise  similar  to  that  of  a  dis- 
tant roaring  of  the  sea  is  produced :  this  arises  from  the  air  in 
the  meatus  being  compressed  upon  the  membrana  tympani.  In 
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the  case  here  described,  no  such  sensation  was  produced  :  for,  in 
Mr.  P's  ear,  the  air,  meeting  with  no  impediment,  could  suffer 
no  compression;  since  it  found  a  passage,  through  the  open 
membrane,  to  the  mouth,  bj  means  of  the  Eustachian  tube. 

Mr.  P —  was  liable  to  the  sensation  commonly  called  the 
teeth  being  on  edge,  in  the  same  degree  as  it  exists  in  others ; 
and  it  was  produced  by  similar  acute  sounds,  as  by  the  filing  of 
a  saw,  the  rubbing  of  silk,  Its  occurring  in  him  seems  to 
disprove  the  idea  which  has  been  entertained  of  its  cause ;  for 
it  has  been  thought,  that  the  close  connection  of  the  nerve 
called  the  corda  tympani  with  the  membrana  tympani,  exposed 
it  to  be  affected  by  the  motions  of  the  malleus ;  and  that,  as  it 
passes  to  nerves  connected  with  the  teeth,  they  would  suffer 
from  the  vibratory  state  of  the  nerve,  produced  by  the  agitations 
of  the  membrane.  But,  in  this  case,  as  the  membrane  was  en- 
tirely destroyed  on  that  side  on  which  the  sensation  was  pro- 
duced, some  other  explanation  must  be  resorted  to ;  and  I  see 
no  reason  why  this  effect  should  not  be  referred  to  that  part  of 
the  auditory  nerve  which  lines  the  labyrinth  of  the  ear,  which, 
being  impressed  by  acute  and  disagreeable  sounds,  would  con- 
vey the  impression  to  the  portio  dura  of  the  same  nerve,  and 
to  the  teeth  with  which  that  nerve  is  connected. 

The  external  ear,  though  two  distinct  muscles  are  inserted 
into  it,  is  capable,  in  its  natural  state,  of  little  motion;  however, 
when  an  organ  becomes  imperfect,  every  agent  which  can  be 
employed  to  increase  its  powers  is  called  into  action ;  and,  in 
the  case  here  described,  the  external  ear  had  acquired  a  distinct 
motion  upward  and  backward,  which  was  observable  whenever 
Mr.  P —  listened  to  any  thing  which  he  did  not  distinctly  hear. 
This  power  over  the  muscles  was  so  great,  that  when  desired 
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to  raise  the  ear,  or  to  draw  it  backwards,  he  was  capable  of 
moving  it  in  either  direction. 

This  case  is  not  the  only  one  of  this  description  which  has 
come  under  my  observation ;  for  another  gentleman,  Mr.  A — , 
applied  to  me  under  a  similar  complaint,  (but  in  one  ear  only,) 
proceeding  from  suppuration,  and  producing  the  same  effects. 
This  gentleman  has  the  same  power  of  forcing  air  through  the 
imperfect  ear ;  suffers  equally  from  batliing,  if  the  meatus  audi- 
torius  be  unprotected;  and  feels,  even  from  exposure  to  a  stream 
of  cold  air,  very  considerable  pain.  The  only  difference  I  could 
observe  was,  that  in  Mr.  A's  case,  the  defect  of  hearing  in  the 
diseased  organ  was  somewhat  greater  than  in  the  former ;  for 
though,  when  his  sound  ear  was  closed,  he  could  hear  what  was 
said  in  a  common  tone  of  voice,  yet  he  could  not  distinguish 
the  notes  of  a  piano  forte  at  the  same  distance :  a  difference 
which  might  have  in  part  arisen  from  the  confused  noise  which 
is  always  produced  by  closing  the  sound  ear ;  or  because,  as  he 
heard  well  on  one  side,  the  imperfect  ear  had  remained  unem- 
ployed, and  consequently  had  been  enfeebled  by  disuse. 

From  these  observations  it  seems  evidently  to  follow,  that 
the  loss  of  the  membrana  tympani  in  both  ears,  far  from  pro- 
ducing total  deafness,  occasions  only  a  slight  diminution  of  the 
powers  of  hearing. 

Anatomists  who  have  destroyed  this  membrane  in  dogs,  have 
asserted,  that  at  first  the  effect  on  the  sense  of  hearing  was 
trivial ;  but  that,  after  the  lapse  of  a  few  months,  a  total  deafness 
ensued.  Baron  Haller  also  has  said,  that  if  the  membrane  of 
the  tympanum  be  broken,  the  person  becomes  at  first  hard  of 
hearing,  and  afterwards  perfectly  deaf.  But,  in  these  instances, 
the  destruction  must  have  extended  further  than  the  membrana 
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tympani;  and  the  labyrinth  must  have  suffered  from  the  removal 
of  the  stapes,  and  from  the  consequent  discharge  of  water  con- 
tained in  the  cavities  of  the  internal  ear ;  for  it  has  been  very 
constantly  observed,  that  when  all  the  small  bones  of  the  ear 
have  been  discharged,  a  total  deafness  has  ensued. 

It  is  probable,  that  in  instances  in  which  the  membrana  tym- 
pani is  destroyed,  the  functions  of  this  membrane  have  been 
carried  on  by  the  membranes  of  the  fenestra  ovalis  and  fenestra 
rotunda :  for,  as  they  are  placed  over  the  water  of  the  laby- 
rinth, they  will,  when  agitated  by  the  impressions  of  sound, 
convey  their  vibrations  to  that  fluid  in  a  similar  manner,  though 
in  somewhat  an  inferior  degree,  to  those  which  are  conveyed  by 
means  of  the  membrana  tympani  and  the  small  bones  which 
are  attached  to  it ;  and  thus,  in  the  organ  of  hearing,  each  part 
is  admirably  adapted,  not  only  to  the  purpose  for  which  it  is 
designed,  but  also  as  a  provision  against  accident  or  disease ;  so 
that,  whenever  any  particular  part  is  destroyed,  another  is  sub- 
stituted for  it,  and  the  organ,  from  this  deprivation,  suffers  but 
little  injury  in  its  functions. 

It  seems  that  the  principal  use  of  the  membrana  tympani  is, 
to  modify  the  impressions  of  sound,  and  to  proportion  them  to 
the  powers  and  expectation  of  the  organ.  Mr.  P —  had  lost  this 
power  for  a  considerable  period  after  the  destruction  of  the 
membrane ;  but,  in  process  of  time,  as  the  external  ear  acquired 
the  additional  motions  I  have  described,  sounds  were  rendered 
stronger  or  weaker  by  them.  When,  therefore,  he  was  addressed 
in  a  whisper,  the  ear  was  seen  immediately  to  move;  but,  when 
the  tone  of  voice  was  louder,  it  then  remained  altogether  mo- 
tionless. 
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&?/w*?  additional  Remarks,  on  the  Mode  of  Hearing  in  Cases  where 
■  the  Membrana  Tympani  has  been  destroyed.    By  Everard 
Home,  Esq. 

After  having  communicated  to  this  learned  Society,  the  very 
curious  facts  contained  in  Mr.  Cooper's  paper,  which  prove  that 
the  organ  of  hearing  is  capable  of  receiving  all  the  different  im- 
pressions of  sound,  when  the  membrana  tympani  has  been 
destroyed,  it  may  not  be  improper  to  explain,  from  the  obser- 
vations contained  in  a  former  paper  on  this  subject,  in  what 
manner  this  may  take  place. 

It  is  there  stated,  that  any  vibrations  communicated  directly 
to  the  bones  of  the  skull,  are  as  accurately  impressed  upon 
the  orgiin,  as  through  the  medium  of  the  membrana  tympani. 
The  office  of  that  membrane  is  therefore  to  afford  an  extended 
surface,  capable  of  receiving  impressions  from  the  external  air, 
and  of  communicating  them  to  the  small  bones  of  the  ear; 
which  a  membrane  would  be  incapable  of  doing,  unless  it  had  a 
power  of  varying  its  tension,  to  adapt  it  to  different  vibrations. 

In  the  above  cases,  in  which  this  membrane,  the  malleus,  and 
the  incus,  had  been  destroyed,  it  would  appear  that  the  stapes 
was  acted  upon  by  the  air  received  into  the  cavity  of  the  tym- 
panum, and  communicated  the  impressions  immediately  to  the 
internal  organ.  This  not  happening  for  some  months  after  the 
membrane  was  destroyed,  probably  arose  from  the  inflamma- 
tion of  the  tympanum  confining  the  stapes,  and  rendering  its 
vibrations  imperfect. 


Digitized  by  Google 


160  Mr.  Home's  additional  Remarks,  &c. 

That  sounds  can  be  communicated  with  accuracy  by  the  bones 
of  the  skull,  to  the  internal  organ,  when  received  from  solid  or 
liquid  substances,  has  long  been  well  understood. 

That  the  membrana  tympani  is  incapable  of  perfectly  an- 
swering this  purpose,  when  sounds  are  propagated  through  air, 
has  been  a  generally  received  opinion ;  to  refute  which,  was  the 
object  of  my  former  paper.  That,  in  cases  in  which  the  mem- 
brana tympani  has  been  destroyed,  the  air  is  capable  of  acting 
with  sufficient  force  upon  the  stapes  to  communicate  vibrations 
to  it,  and  to  produce  on  the  internal  organ  the  necessary  effect 
for  perfect  hearing,  is  completely  ascertained  by  Mr.  Cooper's 
observations. 
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IX.  Experiments  and  Observations  on  the  Light  which  is  spon- 
taneously emitted,  with  some  Degree  of  Permanency,  from 
various  Bodies.  By  Nathaniel  Hulme,  M.  D.  F.  R.  S.  and  A.  S. 

Read  February  13,  1800. 

INTRODUCTION. 

The  discoveries  which  have  been  made  with  respect  to  light, 
as  it  proceeds  immediately  from  the  sun,  are  many  and  im- 
portant ;  but  the  observations  on  that  species  of  light  which  is 
spontaneously  emitted  from  various  bodies,  are  not  only  few  in 
number,  but  in  general  very  imperfect  The  author  is  therefore 
desirous  of  drawing  the  future  attention  of  the  philosopher  more 
particularly  to  this  subject,  and  of  communicating  his  own  ex- 
periments and  observations  upon  it,  to  this  learned  Society. 

By  the  spontaneous  emission  of  this  light,  the  author  wishes  to 
distinguish  it  from  all  kinds  of  artificial  phosphorus ;  which,  as 
he  apprehends,  differ  essentially,  in  some  of  their  properties, 
from  that  light  of  which  he  means  to  treat.  And,  by  its  adhesion 
to  bodies  with  some  degree  of  permanency,  he  distinguishes  it 
from  that  transient  sort  of  light  which  is  observable  in  electri- 
city, in  meteors,  and  in  other  lucid  emanations.  The  light  which 
is  the  subject  of  this  paper,  he  shall  therefore  beg  leave  to  dis- 
criminate by  the  name  of  spontaneous  light. 

The  substances  from  which  such  light  is  emitted,  are  princi- 
pally the  following. 

Marine  animals,  both  in  a  living  state,  and  when  deprived  of  life. 
mdccc  Y 
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As  instances  of  the  first  may  be  mentioned,  the  shell-fish  called 
Pbolas,  the  Medusa  pbospborea,  and  various  other  Mollusca. 

When  deprived  of  life,  marine  fishes  in  general  seem  to 
abound  with  this  kind  of  light.  The  honourable  Mr.  Boyle 
commonly  obtained  light,  for  his  use,  from  the  whiting,  as 
appears  from  many  parts  of  his  works:  the  author  of  these 
experiments  and  observations  procured  his  fish  light  chiefly  from 
the  herring  and  the  mackerel. 

The  flesh  of  quadrupeds  has  also  been  observed  to  emit  light. 
Instances  of  this  are  mentioned  by  Fabricius  ab  Aquapendente  ; 
by  T.  Bartholin  ;  by  Mr.  Boyle  ;  and  by  Dr.  Beale  ;  for 
which,  see  T.  Bartholin,  de  Luce  Animaliumy  p.  183;  Boyle's 
Works,  Vol.  III.  p.  304;  Phil.  Trans.  Vol.  XI.  p.  599. 

In  the  class  of  insects  are  many  which  emit  light  very  copi- 
ously, particularly  several  species  of  Fulgora  or  Lantern-fly, 
and  of  Lampyris  or  Glow-worm ;  also  the  Scolopendra  electrica ; 
and  a  species  of  crab,  called  Cancer fulgens. 

Rotten  wood  is  well  known  to  emit  light  spontaneously.  Peat 
earth  also  has  the  same  property.  Of  the  effects  of  the  latter,  a 
remarkable  instance  is  related  in  Plot's  Natural  History  of  Staf- 
fordshire, p.  1 15. 

The  place  where  the  following  experiments  were  made,  was 
a  dark  wine-vault,  which,  for  distinction's  sake,  the  author  calls 
the  laboratory.  The  heat  of  this  laboratory  varied,  throughout 
the  year,  from  about  40  degrees  of  temperature  to  640.  The 
thermometer  made  use  of  was  that  of  Fahrenheit. 

The  weight  is  always  to  be  supposed  that  called  Troy  weight. 
The  liquid  measure  employed,  was  that  used  for  wine  in  this 
country :  the  ounce  containing  8  drams  Avoirdupois ;  and  the 
pint,  16  ounces. 
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The  water  used  in  general  for  the  experiments,  was  pure 
spring  water,  drawn  up  from  under  ground  by  means  of  a 
pump ;  and  it  was  always  employed  cold,  unless  otherwise  ex- 
pressed. 

SECTION  I. 

The  Quantity  of  Light  emitted  by  putrescent  Animal  Substances, 
is  twt  in  Proportion  to  the  Degree  of  Putrefaction  in  such 
Substances,  as  is  commonly  supposed;  but,  on  the  contrary,  the 
greater  the  Putrescence,  the  less  is  the  Quantity  of  Light  emitted. 

EXPERIMENTS. 

Exper.  1.  Two  very  fresh  herrings  were  bought  in  the 
morning,  and  hung  up  in  the  laboratory ;  on  examining  them 
in  the  evening,  they  were  beginning  to  be  luminous. 

Exper.  8.  Three  herrings,  which  were  quite  fresh,  after  being 
scaled  and  gutted,  were  hung  up  by  a  string  in  the  laboratory. 
The  next  evening  they  were  become  exceedingly  luminous  in 
every  part,  and  much  lucid  matter  had  exuded,  as  it  were,  upon 
their  surface,  which  was  easily  scraped  off  by  the  blunt  edge  of  a 
knife ;  it  also  adhered  to  the  fingers,  or  other  parts  of  the  body, 
when  touched ;  but,  as  they  grew  more  putrescent,  the  quantity 
of  light  diminished,  and  at  last  was  extinguished. 

Exper.  3.  A  single  herring,  that  was  perfectly  sweet,  was 
hung  up  in  the  laboratory.  On  the  second  night,  it  was  co- 
vered with  light ;  on  the  third,  not  so  lucid ;  on  the  fourth,  less 
so ;  and  so  on,  in  proportion  to  the  degree  of  putrescence. 

Exper.  4.  Two  herrings,  somewhat  stale,  were  hung  up  in 
the  morning,  and  at  8  P.  M.  one  of  them  was  pretty  lumi- 
nous, but  the  other  less  so.    On  the  next  evening,  the  former 
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was  but  slightly  luminous,  and  the  latter  was  dark  ;  on  the  suc- 
ceeding evening,  they  were  both  dark. 

Exper.  5.  Two  mackerels  were  brought  from  the  market  at 
1  P.  M.  which,  to  the  sight  and  smell,  were  perfectly  sweet  and 
good.  Being  then  carried  into  the  dark  laboratory,  and  examined, 
the  one  was  found  to  be  a  little  luminous,  and  the  other  pretty 
much  so,  especially  about  its  belly. 

Exper.  6.  A  fine  fresh  mackerel,  with  a  bright  eye,  was  pur- 
chased about  noon,  and  placed  as  usual  in  the  laboratory,  the 
temperature  of  which,  at  that  time,  was  about  540.  At  1 1  P.  M. 
this  beautiful  fish  was  luminous  about  the  head  and  upper 
.  parts ;  and  the  inside  of  the  mouth,  which  was  wide  open,  shone 
with  most  brilliant  light.  The  next  evening,  the  whole  body  of 
the  fish  was  very  luminous :  on  the  third  night,  it  was  less  so ; 
and  on  the  fourth  the  light  was  nearly  extinguished. 

Exper.  7.  In  the  forenoon,  about  ten  o'clock,  a  couple  of  fine- 
looking  mackerels  were  hung  up  in  the  laboratory,  at  the  tem- 
perature of  and  at  10  P.  M.  they  began  to  shine  in  various 
parts,  the  light  seeming  to  proceed  from  within  outwards.  On 
the  second  night,  they  put  on  a  luminous  appearance  all  over 
their  surface :  on  the  third,  the  light  was  not  so  vivid;  and  on 
the  fifth  it  was  almost  extinct. 

N.  B.  In  experiments  of  this  kind,  for  the  production  of  light, 
the  fishes  should  always  be  gutted,  the  roes  taken  out,  and  the 
scales,  if  any,  carefully  removed.  As  the  roes  are  likewise  very 
productive  of  light,  they  shoukl  be  preserved. 

OBSERVATIONS. 

Obs.  1.  These  experiments  clearly  prove,  that  light  begins  to, 
be  emitted  by  marine  fishes,  before  any  signs  of  putrefaction 
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appear:  they  likewise  demonstrate,  that  as  soon  as  a  great 
degree  of  putrescence  has  taken  place,  the  luminous  property 
of  the  fishes  is  destroyed,  and  the  light  extinguished. 

Obs.  2.  In  the  instance  of  light  proceeding  spontaneously 
from  animal  flesh,  recorded  by  Aquapendente,  the  flesh  emitted 
light  before  any  sensible  putrescence  had  taken  place,  the  meat 
being  hung  up  in  the  larder  for  use.  In  that  also  mentioned 
by  Bartholin,  in  1641,  the  flesh  must  have  been  fresh  and 
sweet,  for  it  was  not  intended  to  be  dressed  until  the  next 
day.  Mr.  Boyle,  in  his  report  of  light  issuing  from  flesh,  ex- 
pressly says,  that  neither  he,  nor  any  of  those  who  were 
about  him,  could  perceive  in  it  any  offensive  smell,  whence  to 
infer  any  putrefaction ;  the  meat  being  judged  very  fresh,  and 
well  conditioned,  and  fit  to  be  dressed.  And,  lastly,  Dr. 
Beale,  in  his  account  of  a  luminous  neck  of  veal,  says,  that 
when  it  was  dressed,  on  February  the  27th,  some  of  the 
neighbours,  who  saw  it  shining,  were  invited  to  eat  of  it,  and 
all  esteemed  it  as  good  as  they  had  ever  tasted ;  that  a  part  of 
it  was  kept  for  February  28th  and  29th,  in  which  time  it  lost 
nothing  of  its  sweetness. 

Obs.  3.  Whenever  I  wish  to  obtain  a  plentiful  supply  of  light 
from  fishes,  for  the  purpose  of  experiments,  I  always  endeavour 
to  procure  the  freshest  that  can  be  had :  long  experience  and 
frequent  disappointments  have  taught  me  to  adopt  such  a  pre- 
caution. 

SECTION  IL 

The  Light  here  treated  of  is  a  constituent  Principle  of  some 
Bodies,  particidarly  of  Marine  Fishes,  and  may  be  separated 
from  them,  by  a  peculiar  Process ;  may  be  retained,  and  rendered 
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permanent  for  some  Time.  It  seems  to  be  incorporated  with  their 
whole  Substance,  and  to  make  a  Part  thereof,  in  the  same 
Marnier  as  any  other  constituent  Principle. 

EXPERIMENTS. 

The  Flesh  of  Herring* 

Exper.  1.  A  fresh  herring  was  split,  or  divided  longitudinally, 
by  a  knife,  into  two  parts.  Then,  about  four  drams  of  it,  being 
cut  across,  were  put  into  a  solution,  composed  of  two  drams  of 
Epsom  salt  or  vitriolated  magnesia,  and  two  ounces  of  cold 
spring  water  drawn  up  by  the  pump.  The  liquid  was  contained 
in  a  wide-mouthed  three-ounce  phial,  which  was  placed  in  the 
laboratory.  Upon  carefully  examining  the  liquid,  on  the  second 
evening  after  the  process  was  begun,  I  could  plainly  perceive  a 
lucid  ring  (for  the  phial  was  round)  floating  at  the  top  of  the 
liquid,  the  part  below  it  being  dark ;  but,  on  shaking  the  phial, 
the  whole  at  once  became  beautifully  luminous,  and  continued 
in  that  state.  On  the  third  evening,  the  light  had  again  risen  to 
the  top;  but  the  lucid  ring  appeared  less  vivid,  and,  on  shaking 
the  phial  as  before,  the  liquid  was  not  so  luminous  as  on  the 
preceding  night. 

Exper.  2.  The  same  experiment  was  repeated.  On  the  second 
night,  the  liquid,  being  agitated,  was  very  luminous;  on  the  third, 
not  so  lucid ;  and  on  the  fourth  the  light  was  extinguished. 

Exper.  3.  With  sea  salt  or  muriated  natron  half  a  dram,  and 
two  ounces  of  water.  On  the  second  night,  the  liquid,  when 
agitated,  was  dark;  on  the  third,  lucid;  on  the  fourth,  very  lumi- 
nous ;  on  the  fifth,  it  began  to  lose  light ;  on  the  sixth,  it  con- 

•  The  quantity  used  in  each  experiment  was  about  four  drams. 
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tinued  to  decrease;  and  on  the  seventh  it  was  quite  gone.  Nei- 
ther the  liquid,  nor  the  herring,  had  contracted  any  putrid  smell. 

Exper.  4.  With  sea  water  two  ounces.  On  the  second  night, 
dark ;  on  the  third,  fourth,  and  fifth,  luminous ;  on  the  sixth, 
nearly  extinct ;  and  on  the  seventh,  totally.  The  piece  of  her- 
ring, when  taken  out  and  examined,  was  remarkably  sweet. 

Roe  of  Herring* 

Exper.  5.  With  Epsom  salt  two  drams,  and  water  two 
ounces.  On  the  second  night,  the  liquid  was  pretty  luminous  ; 
on  the  third  and  fourth,  still  luminous;  and  on  the  fifth  its  light 
was  extinct. 

Exper.  6.  With  Glauber's  salt  or  vitriolated  natron  two 
drams,  to  two  ounces  of  water.  On  the  second  night,  when  the 
phial  was  shaken,  as  usual  in  all  these  experiments,  the  liquid 
was  pretty  luminous ;  on  the  third,  less  so ;  and  on  the  fourth 
the  light  was  scarcely  visible. 

Exper.  7.  With  sea  water  two  ounces.  On  the  second  night, 
dark ;  on  the  third,  the  liquid  was  moderately  luminous ;  on 
the  fourth  and  fifth,  it  had  extracted  much  light ;  and  on  the 
seventh  it  was  still  shining.  After  this  process,  both  the  roe 
and  the  sea  water  remained  perfectly  sweet. 

The  Flesh  of  Mackerel 

Exper.  8.  With  Epsom  salt  two  drams,  and  water  two 
ounces.  On  the  second  night,  the  liquid  was  finely  illuminated; 
on  the  third,  a  similar  appearance ;  on  the  fourth,  a  diminution 
of  light ;  on  the  fifth,  it  continued  lucid  in  a  small  degree;  and 
on  the  sixth  the  light  was  extinguished. 

•  The  quantity  occd  in  each  experiment  was  about  four  drams. 
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Roe  of  Mackerel. 

Exper.  9.  With  Epsom  salt  two  drams,  and  water  two 
ounces.  On  the  second  night,  the  liquid,  when  agitated,  was 
exceedingly  bright ;  on  the  third,  the  same ;  and  on  the  fourth 
and  fifth,  still  lucid. 

The  Tadpole. 

Exper.  10.  It  occurred  to  my  mind,  in  the  year  1797,  to  try 
what  effect  a  saline  menstruum  would  have  upon  the  tadpole. 
Accordingly,  I  procured  some  tadpoles  on  the  10th  of  June,  and 
put  six  of  them  into  a  solution  of  two  drams  of  Glauber's  salt 
in  two  ounces  of  water.  On  the  1  ith,  in  the  evening,  the  men- 
struum was  dark;  on  the  12th,  after  shaking  the  phial,  I  was 
agreeably  surprised  to  find  it  impregnated  with  light;  on  the 
13th,  the  light  was  so  abundant  as  to  float  on  the  top  of  the 
menstruum ;  on  the  14th,  the  same  phenomenon  appeared;  on 
the  15th  and  16th,  it  was  still  present;  on  the  17th,  the  lucid- 
ness  began  to  diminish;  on  the  18th,  it  was  faint;  and  on  the 
19th  it  had  vanished. 

Exper.  11.  On  the  11th  of  June,  six  other  tadpoles  were 
dropped  into  a  solution  of  one  dram  of  common  salt  in  three 
ounces  of  water.  On  the  12th  and  13th,  the  menstruum  was 
dark ;  on  the  14th,  it  had  extracted  from  the  tadpoles  a  very 
beautiful  bright  light;  on  the  15th,  the  menstruum  was  exceed- 
ingly luminous;  on  the  16th  and  17th,  nearly  the  same:  the 
light  then  gradually  faded,  so  that  on  the  21st  it  was  merely 
visible;  and  on  the  22d it  disappeared. 

Exper.  12.  On  the  21st  of  June,  the  above  two  experiments 
were  repeated ;  when  the  tadpoles  remained  in  the  menstruums 
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till  the  27th,  but  no  light  was  emitted.  What  was  the  cause  of 
this  failure  in  these  two  last  experiments  ?  Was  it  the  ten  days' 
increased  growth  of  the  animal,  which  was  taken  from  the 
same  pond,  that  made  the  difference  ? 

Exper.  13.  The  above  experiments  were  repeated,  when  the 
tadpole  had  just  put  on  the  state  of  a  frog,  but  without  produ- 
cing any  lucid  appearance. 

The  Light  is  incorporated  with  the  whole  Substance  of  Marine 

Fishes. 

Exper.  14.  A  fine  fresh  herring,  being  gutted,  was  divided 
longitudinally  into  two  parts,  both  of  which  were  hung  up,  by 
pieces  of  string,  in  the  laboratory.  On  the  2d  night,  they  were 
very  lucid  on  the  skinny  side,  but  not  on  the  fleshy  or  inward 
part ;  on  the  3d,  the  fleshy  or  central  parts  of  the  fish,  were 
thickly  covered  with  a  rich  azure  light ;  on  the  4th,  they  con- 
tinued exceedingly  luminous ;  and  on  the  5th  and  6th  they 
were  still  lucid.  It  is  surprising  to  think  what  a  profusion  of 
light  was  emitted  from  the  interior  substance  of  this  single  fish. 

Exper.  15.  A  similar  experiment  was  made  with  a  mackerel, 
and  with  similar  effects.  These  two  experiments  were  frequently 
repeated. 

Exper.  16.  But  the  soft-roe,  of  both  the  herring  and  the 
mackerel,  abounds  more  with  light  than  even  the  flesh.  When  . 
it  is  in  its  most  luminons  state,  which  generally  happens  about 
the  3d  or  4th  night,  it  will  sometimes  shine  so  very  splendidly, 
as  to  appear  like  a  complete  body  of  light.  It  is  remarkable 
that  the  hard -roe,  in  general,  does  not  emit  so  much  light  as 
the  soft-roe.  When  the  roes  were  used,  they  were  laid  upon 
plates,  and  deposited  in  the  laboratory. 
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OBSERVATIONS. 

Obs.  1.  The  above  experiments  clearly  prove,  as  I  apprehend , 
that  this  light  is  a  constituent  principle  of  marine  fishes :  and  that 
it  is  separated,  by  the  menstruum  employed  on  this  occasion,  in 
the  same  way  that  the  principles  of  any  other  body  are  sepa- 
rated, by  the  menstruum  fitted  to  decompose  it.  They  like- 
wise show,  that  it  is  not  partially  but  wholly  incorporated 
with  every  part  of  their  substance,  and  makes  a  part  thereof,  in 
the  same  manner  as  any  other  constituent  principle. 

Obs.  2.  Light  is  probably  the  first  constituent  principle  that 
escapes,  after  the  death  of  marine  fishes.  The  experiments  of 
the  first  Section  teach  us  that  it  appears  soon  after  death,  even 
in  fishes  which,  to  the  eye,  seem  quite  fresh  and  sweet ;  or,  at 
least,  long  before  any  sensible  putrescence  takes  place.  And 
we  have  seen  that  the  flesh  and  roes,  infused  in  the  saline  men- 
struums,  continued  to  emit  light  for  several  days,  without  un- 
dergoing any  apparent  putrefactive  change. 

Obs.  3.  The  experiments  likewise  render  it  probable,  that  no 
offensive  putrefaction  takes  place  in  the  sea,  after  the  death  of 
such  myriads  of  animals  as  must  needs  daily  perish  in  the  vast 
ocean,  (quite  contrary  to  what  happens  on  land;)  and  that  the 
flesh  of  marine  fishes  remains  pretty  sweet  for  some  time,  and 
may  become  wholesome  food  for  many  kinds  of  those  which  still 
remain  alive.  An  eminent  instance  this,  of  the  wisdom  of  the 
Creator,  in  the  construction  of  the  aqueous  part  of  the  world, 
which  comprehends,  by  far,  the  greatest  portion  of  the  terra- 
queous globe,  and  is  the  most  replete  with  animal  life  ! 
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SECTION  Hi. 

Some  Bodies  or  Substances  have  a  Power  of  extinguishing  spon' 
taneous  Ugbt,  when  it  is  applied  to  them. 

EXPERIMENTS. 

The  luminous  matter  proceeding  from  the  herring  and  the  mac- 
kerel, was  quickly  extinguished  when  mixed  with  the  following 
substances  :  1.  Water  alone.  2.  Water  impregnated  with  quick- 
lime. 3.  Water  impregnated  with  carbonic  acid  gas.  4.  Water 
impregnated  with  hepatic  gas.  5.  Fermented  liquors.  6*.  Ardent 
spirits.  7.  Mineral  acids,  both  in  a  concentrated  and  diluted 
state.  8.  Vegetable  acids.  9.  Fixed  and  volatile  alkalis,  when 
dissolved  in  water.  10.  Neutral  salts  :  viz.  saturated  solutions  of 
Epsom  salt,  of  common  salt,  and  of  sal  ammoniac.  1 1.  Infusions 
of  chamomile  flowers,  of  long  pepper,  and  of  camphor,  made 
with  boiling-hot  water,  but  not  used  till  quite  cool.  12.  Pure 
honey,  if  used  alone. 

SECTION  IV. 

Other  Bodies  or  Substances  have  a  Power  of  preserving  sponta- 
neous Light  for  some  Time,  zvhen  it  is  applied  to  them. 

EXPERIMENTS. 

Exper.  1.  Some  luminous  matter  scraped  from  the  herring, 
was  mixed  with  a  solution  of  two  drams  of  Epsom  salt  in 
two  ounces  of  cold  pump  water :  after  shaking  very  well  for 
some  time  the  phial  which  contained  them,  the  whole  liquid 
became  richly  impregnated  with  light,  and  continued  shining 
above  twenty-four  hours.  This  experiment  was  frequently  re- 
peated, and  with  the  same  effect. 
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Exper.  2.  Two  drams  of  Glauber's  salt  and  two  ounces  of 
water  being  mixed  with  herring  light,  the  solution  was  thereby 
quickly  made  very  lucent,  and  remained  so  till  the  succeeding 
evening. 

Exper.  3.  Mackerel-light,  being  mixed  with  two  drams  of 
Rochelle  salt  or  tartarized  natron  and  two  ounces  of  water, 
caused  the  fluid  to  be  very  luminous. 

Exper.  4.  Two  drams  of  soda  phosphorata  and  two  ounces 
of  water,  mixed  with  herring-light,  formed  a  very  lucent  fluid, 
which  retained  the  light  for  a  long  time. 

Exper.  5.  Herring-light,  with  one  dram  of  saltpetre  or 
nitrated  kali  and  two  ounces  of  water,  made  the  solution  pretty 
luminous. 

Exper.  6.  Half  a  dram  of  common  salt  dissolved  in  two 
ounces  of  water,  with  the  addition  of  mackerel-light,  composed 
a  very  shining  mixture,  which  retained  its  splendour  for  the  space 
of  a  day  or  two.  The  same  effect  was  produced  by  herring- 
light. 

Exper.  7.  Two  ounces  of  sea  water,  being  agitated  with  the 
light  of  a  mackerel,  soon  obtained  a  brilliant  illumination.  The 
sea  water  preserved  its  luminousness  for  several  clays.  The  ex- 
periment was  successfully  repeated. 

Exper.  8.  Two  drams  of  pure  honey,  that  had  not  been  cla- 
rified, or  exposed  to  heat,  were  dissolved  in  two  ounces  of  water; 
and,  after  the  admission  of  some  mackerel-light,  and  shaking  the 
phial,  the  solution  was  fully  impregnated  with  light,  which  was 
visible  the  next  evening. 

Exper.  g.  Two  drams  of  purified  or  refined  sugar  being  dis- 
solved in  two  ounces  of  water,  and  mixed  with  the  shining 
matter  of  a  herring,  the  fluid  acquired  a  great  degree  of  lucid- 
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ness.  The  same  effect  took  place  when  the  experiment  was 
made  with  soft  brown  sugar. 

N.  B.  It  is  almost  needless  to  mention,  that  the  degree  of 
illumination  in  these  liquids  must  depend  upon  the  quantity  of 
lucific  matter  applied;  but,  in  general,  as  much  as  can  be 
scraped  off  by  the  blunt  point  of  a  moderately-sized  knife,  at 
a  few  times,  will  be  sufficient,  being  assisted  by  a  strong  agi- 
tation of  the  containing  phial. 

OBSERVATION. 

These  experiments  enable  us  to  take  light  and  diffuse  it 
through  water,  so  as  to  render  the  whole  liquid  most  brilliantly 
luminous,  or,  in  other  words,  to  impregnate  water  with  light 
By  these  means,  the  light  is  so  extended  in  its  surface,  and 
combined  in  such  a  manner,  as  to  become  exceedingly  conve- 
nient and  useful  for  various  other  experiments. 

SECTION  V. 

When  spontaneous  Light  is  extinguished  by  some  Bodies  or  Sub- 
stances, it  is  not  lost,  but  may  be  again  revived  in  its  former 
Splendour,  and  that  by  the  most  simple  Means. 

EXPERIMENTS. 

Exper.  1.  On  the  1st  of  June,  1795,  the  following  expe- 
riments were  made,  to  know  what  was  the  best  proportion  of 
Epsom  salt  to  water,  in  order  to  produce  the  most  luminous 
liquid.  Some  shining  matter  was  taken  from  a  mackerel,  and 
mixed  with  a  solution  of  seven  drams  of  the  salt  in  one  ounce  of 
water ;  and  its  light  was  immediately  extinguished.  The  same 
effect  ensued,  but  in  a  less  degree,  with  a  solution  of  six,  and 


Digitized  by  Google 


174  Hulme's  Experiments  and  Observations 

one  of  five  drams.  In  a  solution  of  two  drams,  in  the  same 
quantity  of  water,  the  liquid  was  luminous;  but  much  more 
so  when  only  one  dram  of  salt  was  used.  Observing  the  ex- 
tinction of  light  to  take  place,  as  above,  in  the  more  saturated 
solutions,  while  the  diluted  solutions  were  luminous,  it  occurred 
to  me  to  endeavour  to  discover  what  became  of  the  extinguished 
light,  in  the  former  case,  and  whether  it  might  not  be  revived 
by  dilution.  For  this  purpose,  I  took  the  solution  of  seven  drams 
of  salt  in  one  ounce  of  water,  in  which  the  lucid  matter  from 
a  mackerel  had  been  extinguished,  and  diluted  it  with  six 
ounces  of  cold  pump  water  ;  when,  to  my  great  astonishment, 
light  in  a  moment  burst  out  of  darkness,  and  the  whole  liquid 
became  beautifully  luminous !  This  revived  light  remained  above 
48  hours,  that  is,  as  long  as  other  light  in  general  does,  which 
has  never  been  extinguished.  Hence,  it  had  lost  nothing  of  its 
vivid  luminous  powers  by  its  extinction. 

Exper.  2.  The  last  experiment  was  then  reversed.  A  solu- 
tion of  one  dram  of  Epsom  salt  in  one  ounce  of  water,  was 
brilliantly  illuminated  with  mackerel  light.  Then,  six  drams  of 
the  salt  were  put  into  this  luminous  liquid ;  and,  after  shaking 
the  phial  very  well  for  a  little  time,  to  promote  the  solution  of 
the  salt,  the  light  was  totally  extinguished.  But  the  same  light 
was  again  recovered,  by  the  addition  of  six  ounces  of  water. 

In  this  manner,  the  light  may  be  frequently  extinguished,  and 
as  often  revived.  In  one  instance,  the  same  light,  by  a  repe- 
tition of  this  method,  was  made  to  undergo  ten  extinctions. 

Exper.  5.  A  good  quantity  of  herring-light,  being  mixed 
with  a  solution  of  four  drams  of  common  salt  in  two  ounces  of 
water,  was  immediately  extinguished.  Then,  fourteen  ounces 
of  cold  pump  water  were  added  thereto,  and  the  whole  liquid 
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was  at  once  finely  illuminated.  On  the  next  evening  it  ap- 
peared still  very  lucid  ;  and  likewise  on  the  succeeding  night. 

Exper.  4.  The  experiment  was  reversed.  Half  a  dram  of  the 
salt,  being  dissolved  in  two  ounces  of  water,  had  herring-light 
mixed  therewith,  so  as  to  be  made  very  luminous.  On  the  addi- 
tion of  two  drams  more  of  the  salt,  the  lucid ness  was  instantly 
destroyed :  but  the  light  was  again  recovered,  by  pouring  eight 
ounces  of  cold  water  upon  the  extinguished  luminous  fluid. 
The  revived  light  was  very  vivid  the  next  evening. 

Exper.  5.  Two  ounces  of  sea  water  were  illuminated  with 
mackerel-light,  and  then  extinguished  by  adding  two  drams  of 
common  salt.  The  light  was  again  restored,  by  diluting  the  so- 
lution with  eight  ounces  of  cold  spring  water. 

N.  B.  If  the  illuminated  liquid  be  uncommonly  brilliant,  it 
may  sometimes  require  more  salt  to  extinguish  the  light  com- 
pletely, than  is  here  specified;  in  that  case,  the  measure  of 
water  for  dilution,  must  be  always  calculated  in  exact  propor- 
tion to  the  weight  of  salt  employed. 

SECTION  VI. 

Spontaneous  Light  is  rendered  more  vivid  by  Motion. 

EXPERIMENTS. 

Exper.  1.  A  quantity  of  illuminated  liquid  was  poured  into  a 
broad  vessel,  which  was  placed  in  the  laboratory.  The  next 
evening,  on  examination,  it  appeared  to  be  quite  dark.  But  a 
finger,  or  rod,  being  drawn  through  it,  was  followed  by  a  lumi- 
nous line. 

Exper.  2.  A  phial,  containing  a  pretty  large  portion  of  liquid 
impregnated  with  light,  having  been  at  rest  a  number  of  hours, 
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the  liquid  seemed  to  have  lost  its  luminous  quality,  except  a 
little  glimmer  floating  at  the  top.  It  was  then  gently  moved, 
and  the  light  diffused  itself  gradually  through  the  whole  liquid: 
on  agitation,  the  lucidness  was  much  increased ;  and,  the  brisker 
the  motion,  the  more  vivid  was  the  illumination. 

SECTION  VII. 

Spontaneous  Light  is  not  accompanied  with  any  Degree  of  sensible 
Heat>  to  be  discovered  by  a  Thermometer. 

EXPERIMENTS. 

f 

Exper.  1.  Aluminous  herring,  and  another  that  was  quite 
fresh  and  not  luminous,  were  placed  for  a  considerable  time  in  the 
same  degree  of  temperature.  A  thermometer  was  then  applied 
to  each  of  them,  but  no  difference  of  heat  could  be  discovered. 

Exper.  2.  The  soft  roe  of  a  herring,  in  an  exceedingly  lucid 
state,  and  a  thermometer,  were  kept  together  for  some  time  in 
the  laboratory.  The  'roe  was  then  put  upon  the  bulb  of  the 
thermometer,  without  affecting  it. 

Exper.  3.  A  mackerel,  which  shone  with  very  brilliant  light, 
was  also  put  to  the  test  of  a  thermometer,  but  the  instrument 
remained  stationary. 

Exper.  4.  The  bulb  of  a  thermometer  was  surrounded  by 
many  small  pieces  of  shining  wood,  uncommonly  luminous, 
which  were  kept  in  that  situation  for  some  time ;  but  the  light 
made  no  alteration  upon  the  thermometer. 

Exper.  5.  Illuminated  liquids,  and  spring  water,  being  kept 
together  in  the  laboratory,  always  preserved  the  same  degree  of 
temperature. 
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SECTION  VIII. 
The  Effects  of  Cold  on  spontaneous  Light. 

EXPERIMENTS. 

The  Light  of  Fishes. 

Exper.  1.  Five  small  gallipots,  containing  three  pieces  of  soft- 
roe  of  herring,  and  two  of  the  herring  itself,  all  very  luminous, 
were  placed  in  a  frigorific  mixture,  composed  of  snow  and  sea- 
salt;  and,  in  about  an  hour  and  a  half,  the  light  was  quite  extinct, 
and  the  bodies  totally  frozen.  The  gallipots  were  then  removed 
into  a  vessel  of  cold  water,  that  their  contents  might  be  gradu- 
ally thawed;  which  being  done,  they  all  recovered  their  pristine 
luminous  state.  The  pieces  were  afterwards  observed  to  shine 
during  three  succeeding  nights. 

Exper.  2.  A  small  phial,  containing  three  or  four  drams  of 
liquid  impregnated  with  light,  was  placed  in  a  frigorific  mixture. 
As  the  liquid  froze,  its  lucidness  gradually  diminished;  and,  when 
it  was  quite  congealed,  the  light  perfectly  disappeared.  The 
phial  was  then  taken  out,  and  put  into  cold  water,  at  about  4,9° 
temperature,  that  the  ice  might  be  gradually  liquefied;  and, 
when  that  was  accomplished,  the  whole  fluid  became  as  lumi- 
nous as  before. 

The  Light  of  shining  Wood. 

Exper.  3.  A  fragment  of  shining  wood  was  put  into  a  small 
wide-mouthed  phial,  which  was  plunged  into  a  frigorific  mix- 
ture. As  the  cold  affected  the  wood,  the  light  gradually  faded, 
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and  at  last  was  totally  imperceptible.  The  phial  was  then  taken 
out,  and  placed  in  water  at  about  62°;  by  this  change  of 
temperature,  the  frozen  wood  gradually  thawed,  and  then  re- 
gained its  former  lustre. 


The  Light  of  Glow-worms. 

Exper.  4.  A  small  phial,  containing  a  luminous  dead  glow- 
worm, was  exposed  to  the  cold  of  the  frigorific  mixture;  as 
the  coldness  penetrated  the  phial,  the  light  diminished,  and  at 
length  was  totally  extinct.  But,  by  placing  the  phial  in  water 
at  about  620,  the  glowing  property  of  the  insect  soon  returned. 
In  this  experiment,  the  glow-worm  was  evidently  congealed; 
for  it  adhered  to  the  side  of  the  glass,  and  was  covered  with  a 
hoar-frost.  This  experiment  was  frequently  repeated,  and  with 
the  same  result. 


OBSERVATION. 

By  these  experiments  we  learn,  that  cold  extinguishes  spon- 
taneous light  in  a  temporary  manner,  but  not  durably,  as  the 
substances  of  the  third  Section  do ;  because  the  light  revived 
again  in  its  full  splendour,  as  soon  as  it  was  exposed  to  a  mo- 
derate degree  of  temperature. 
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SECTION  IX. 
Tbe  Effects  of  Heat on  spontaneous  Light. 

EXPERIMENTS. 

The  Light  of  Fishes. 

Exper.  1.  One  side  of  a  luminous  herring  was  held  before  the 
fire,  for  a  short  space  of  time,  but  so  as  to  receive  its  heat  very 
strongly.  It  was  then  conveyed  into  the  laboratory;  when 
that  side  which  had  been  exposed  to  the  fire  was  found  quite 
dark,  but  the  other  continued  still  luminous.  The  fish  was 
preserved  till  the  next  evening,  but  the  extinguished  light  did 
not  re-appear. 

Exper.  2,  A  whole  herring,  finely  shining,  was  thrown  into 
a  quantity  of  boiling-hot  water,  and  the  light  was  immediately 
extinguished :  after  keeping  it  there  for  some  time,  it  was  taken 
out,  but  the  light  did  not  revive. 

Tbe  Light  of  sbinitig  Wood. 

Exper.  3.  A  piece  of  shining  wood,  its  light  being  very  faint, 
was  put  into  tepid  water  at  about  90  degrees  of  temperature, 
and  it  became  in  a  short  time  much  more  lucid.  Another  piece, 
at  960,  was  rendered  beautifully  luminous. 

Exper.  4,.  A  pretty  thick  piece  of  shining  wood  was  put  into 
a  gallipot,  and  sunk  under  water  by  means  of  a  weight,  toge- 
ther with  a  thermometer,  at  the  temperature  of  6£.  Boiling-hot 
water  was  then  added  by  spoonfuls;  and  the  light,  at  first,  was 
rendered  much  more  vivid,  but  soon  after  began  to  decrease, 
and  was  apparently  extinct  at  about  1100.  I  say  apparently,  be- 

A  a  2 


Digitized  by  Google 


180        Dr.  Hulme's  Experiments  and  Observations 

cause  on  the  next  evening  the  light  had  somewhat  revived; 
which  shows,  that  the  heat  of  no°  was  not  sufficient  to  ex- 
tinguish totally  all  the  light  inherent  in  this  piece  of  wood. 

Exper.  5.  Finding  that  110  degrees  of  heat  did  not 
wholly  extinguish  the  light  of  shining  wood,  a  good  many 
fragments,  of  different  sizes,  were  then  submitted  to  the  power 
of  boiling  water,  and  detained  therein  for  some  time,  in  order 
that  the  heat  might  penetrate  them  thoroughly.  The  effect  was, 
that  the  light  became  quickly  extinct,  and  did  not,  as  before,  re- 
appear on  the  following  evening. 

The  Light  oj  Glow-worms. 

Exper.  6.  A  dead  shining  glow-worm  was  put  upon  two 
ounces  of  water,  contained  in  a  widc-mouthed  phial,  at  the  tem- 
perature of  580.  The  phial  was  then  sunk,  about  two  or  three 
inches  deep,  in  boiling-hot  water;  and,  as  the  heat  communicated 
itself  to  the  contents  of  the  phial,  the  light  of  the  glow-worm 
became  much  more  vivid. 

Exper.  7.  Another  lucid  dead  glow-worm  was  put  into  warm 
water,  at  1 140,  to  see  if  that  degree  of  heat  would  extinguish  the 
light;  but,  on  the  contrary,  its  glowing  property  was  aug- 
mented. All  the  water  was  then  poured  off,  yet  the  insect  con- 
tinued to  shine  for  some  length  of  time. 

Exper.  8.  The  effect  of  that  heat  which  is  obtained  from  dry 
solid  bodies  by  friction,  was  next  tried  upon  the  light  of  the 
glow-worm.  Two  living  glow-worms  were  put  into  a  one- 
ounce  phial,  with  a  glass  stopple;  and,  though  they  were  per- 
fectly dark  at  the  time,  yet,  if  the  phial  was  briskly  rubbed  with 
a  silken  or  linen  handkerchief,  till  it  became  pretty  warm,  it 
seldom  failed  to  make  them  display  their  light  very  finely. 
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This  experiment  was  very  frequently  repeated.  It  had  the  same 
illuminating  effect  upon  the  light  of  a  dead  glow-worm. 

Exper.  9.  The  complete  influence  of  212  degrees  of  heat  was 
now  applied  to  the  light  of  a  glow-worm,  by  pouring  upon 
one  when  dead,  but  in  a  luminous  state,  some  boiling  water. 
Its  light  was  instantly  extinguished  thereby,  and  did  not  revive. 
The  experiment  was  repeated,  and  with  the  same  result. 

Any  of  the  saline  Solutions  mentioned  in  the  fourth  Section,  being 
impregnated  with  luminous  Matter,  and  left  some  Time  at  rest, 
are  rendered  more  lucid  by  a  moderate  Degree  of  Heat. 

Exper.  10.  A  quantity  of  illuminated  solution  was  deposited 
in  the  laboratory.  The  next  evening,  when  it  was  examined, 
it  appeared  in  a  manner  quite  dark ;  but,  by  putting  the  phial 
which  contained  it  into  hot  water,  the  light  revived,  and  was 
soon  rendered  exceedingly  vivid. 

Exper.  n.  About  a  pint  of  solution  impregnated  with  light, 
had  become  obscure,  by  time  and  rest,  as  is  the  nature  of  this 
mixture.  Such  a  quantity  of  boiling-hot  water  was  then  added 
to  it,  as  only  to  give  it  a  small  degree  of  warmth,  and  it  quickly 
caused  it  to  appear  luminous. 

Exper.  12.  Illuminated  liquid,  to  the  quantity  of  four  ounces, 
was  placed  in  the  laboratory  until  the  next  evening,  when  it 
had  become  almost  dark.  One  spoonful  of  boiling-hot  water 
being  put  into  it,  the  light  re-appeared ;  and,  by  means  of  two 
more,  it  was  rendered  considerably  lucid. 

Their  Light  is  extinguished  ly  a  great  Degree  of  Heat. 

Exper.  13.  Some  boiling  water  being  poured  upon  three  or 
four  ounces  of  illuminated  liquid,  in  an  earthen  vessel,  the  light 
was  immediately  extinguished ;  and,  though  afterwards  kept  a 
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considerable  time  for  inspection,  and  often  agitated,  to  stir  up  the 
hidden  light,  yet  no  remains  of  any  shining  property  could  be 
perceived.  This  experiment  was  frequently  repeated,  and  always 
with  the  same  result. 

Exper.  14.  Four  ounces  of  very  luminous  liquid,  together 
with  a  thermometer,  were  put  into  a  small  earthen  vessel,  glazed 
white,  the  better  to  reflect  light.  Boiling-hot  water  was  then 
added,  by  spoonfuls  at  a  time,  and  by  slow  degrees.  The  first 
few  spoonfuls  made  it  considerably  more  lucid;  and  then,  by 
adding  more,  the  light  began  to  fade,  and  at  length  was  gradually 
extinguished.  This  effect  took  place,  in  one  instance,  when  the 
liquid  was  heated  to  960;  in  another,  to  g$°;  and  in  a  third, 
to  1000.  Hence,  this  species  of  light,  when  thus  united  with 
water,  seems  to  begin  to  be  extinguished  at  from  96  to  100 
degrees  of  heat.  This  is  a  very  elegant  and  pleasing  method,  of 
knowing  how  much  heat  is  required  to  extinguish  the  light; 
because  it  measures  it  exactly,  provided  the  hot  water  be  added 
in  small  quantities,  and  by  slow  degrees,  as  above  directed. 
To  prevent  the  possibility  of  any  light  reviving  after  an  ex- 
periment of  this  kind,  would  require  a  much  greater  heat  than 
that  of  1000.  The  intention  of  the  present  experiments  was 
only  to  show,  that  all  light  may  be  apparently  extinguished,  at 
so  low  a  degree  of  temperature  as  from  960  to  ioo*. 

Exper.  15.  A  phial  of  an  ounce  and  a  half  was  filled  with 
some  very  luminous  liquid,  but  not  corked.  It  was  then  sus- 
pended by  a  string,  in  a  quart  of  boiling-hot  water  contained  in 
a  white  earthen  mug,  and  the  light  was  wholly  extinguished 
in  about  three  or  four  minutes.  After  this,  the  phial  was  kept  in 
the  water  some  time  longer,  was  then  taken  out  to  cool,  and  well 
shaken,  but  the  light  did  not  revive.  It  was  examined  the  next 
day,  and  agitated  again,  but  no  luminous  appearance  could  be 
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discovered;  a  proof  that  all  the  light  had  been  totally  extin- 
guished by  the  power  of  heat. 

If  much  Heat  be  applied  to  the  Bottom  of  a  Tube  filled  with  illu- 
minated Liquid,  which  has  been  some  Time  at  rest,  the  Light 
will  descend  in  luminous  Streams,  from  the  Top  of  the  Tube 
to  the  Bottom,  and  be  gradually  extinguished. 

Exper.  16.  A  glass  cylindrical  tube,  closed  at  one  end,  being 
9  inches  long,  with  a  bore  of  inch,  when  used,  was  put  into 
a  gallipot  3-J-  inches  deep,  and  3^  wide,  which  held  about  12 
ounces  of  boiling  water,  and  was  placed  in  another  larger 
vessel,  to  receive  the  overflowing  water  upon  the  immersion  of 
the  tube.  The  tube  being  filled  over  night  with  some  very  lumi- 
nous liquid,  was  placed  in  the  laboratory  until  the  next  evening. 
The  light  had  then  ascended  plentifully  to  the  top  of  the  fluid, 
(the  rest  being  dark,)  and,  taking  the  circular  shape  of  the  tube, 
formed  a  very  lucid  ring.  The  vessels  with  the  boiling-hot  water 
were. then  carried  into  the  dark  laboratory;  and  the  tube  being 
gently  and  carefully  placed  (without  shaking)  in  the  gallipot, 
the  light  was,  generally  in  about  half  a  minute,  seen  plainly  to 
descend  in  streams  from  the  top  to  the  bottom,  illuminating  the 
whole  fluid  in  its  descent  in  a  beautiful  manner,  and  then  was 
gradually  extinguished.  The  extinction  of  the  light  began  at 
the  top  of  the  tube,  and  ended  at  the  bottom. 

Exper.  17.  The  experiment  was  also  made  with  a  tube  19 
inches  high,  \  an  inch  in  bore,  having  several  curvatures,  and 
sealed  hermetically  at  its  lower  end.  Both  the  extremities  were 
made  straight  for  a  few  inches ;  the  one  to  be  immersed  in  the 
water,  and  the  other  to  prevent  the  liquid  running  out.  The 
luminous  ring  being  formed  as  above  mentioned,  the  tube  was 
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put  into  the  gallipot  of  boiling-hot  water ;  and,  in  a  short  time, 
the  light  began  to  descend  from  the  top,  and  came  waving 
down,  in  a  pleasing  manner,  to  the  bottom  of  the  tube  in  the 
hot  water,  and  then  was  by  degrees  extinguished.  The  whole 
length  of  the  tube,  including  the  curvatures,  was  26  inches. 

The  most  eligible  solutions  for  this  curious  experiment,  are 
those  made  with  Epsom  salt,  Glauber's  salt,  sea-salt,  and  sal 
ammoniac  :  if  either  of  the  two  former  be  used,  the  proper 
proportion  is,  one  dram  of  salt  to  each  ounce  of  water;  if  either 
of  the  two  latter,  15  grains  to  each  ounce  of  water  will  be  suf- 
ficient. 

N.  B.  The  experimentalist,  before  he  views  the  descent  of 
the  light  in  the  tube,  should  always  remain  in  the  dark  for 
some  little  time,  in  order  to  get  rid  of  all  extraneous  light  ad- 
hering to  the  organs  of  vision,  and  to  accommodate  the  eye  to 
darkness. 

SECTION  X. 

The  Effects  of  the  human  Body,  and  of  the  animal  Fluids,  upon 

spontaneous  Light. 

The  living  Body. 

Exper.  1.  On  touching  the  luminous  matter  of  fishes,  the 
light  adhered  to  the  fingers  and  different  parts  of  the  hands ; 
remained  very  lucid  for  some  little  time,  and  then  gradually  dis- 
appeared. But  the  same  kind  of  matter  being  applied  to  pieces 
of  wood,  stone,  and  the  like,  of  the  same  temperature  as  the 
laboratory,  continued  luminous  on  these  substances  for  many 
hours. 
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Exper.  2.  A  piece  of  red  blotting-paper,  about  one  inch 
square,  and  four  times  doubled,  was  finely  illuminated  by 
matter  from  a  herring,  and  applied  to  the  upper  part  of  the 
inside  of  the  thigh.  After  the  expiration  of  15  or  20  minutes,  it 
was  taken  off;  and,  on  examination,  the  light  was  quite  extin- 
guished. The  experiment  was  repeated  several  times,  and  with 
the  same  effect.  Another  piece  of  the  like  paper  was  illumi- 
nated at  the  same  time,  and  placed  in  the  laboratory;  where  it 
retained  its  light  above  48  hours. 

Exper.  3.  A  piece  of  shining  wood  was  placed  upon  the  palm 
of  the  hand,  and  inclosed  therein  for  some  time ;  on  inspection, 
it  was  found  to  be  more  lucid  than  before.  Many  trials  of 
this  kind  were  made,  with  the  like  success. 

Exper.  4.  A  dead  glow-worm,  being  but  slightly  luminous, 
was  breathed  upon  several  times ;  and  its  light  increased  both 
in  magnitude  and  brightness.  The  experiment  was  frequently 
repeated,  with  the  same  result. 

Animal  Fluids. 
Blood. 

Exper.  5.  A  person  having  received  a  contusion,  but  other- 
wise in  health,  was  bled.  The  next  day,  some  herring-light  was 
mixed  with  about  two  ounces  of  the  crassamentum  or  red  coa- 
gulated part  of  the  blood,  by  stirring  them  well  together  with 
a  knife :  it  caused  it  to  be  slightly  luminous,  but  the  light  was 
not  of  long  duration.  Nearly  the  same  result  followed  the  mix- 
ture of  lucid  matter  with  the  recent  crassamentum  of  persons 
labouring  under  inflammatory  diseases,  as  the  pleurisy  and 
rheumatism. 

mdccc  B  b 


Digitized  by  Google 


186         Dr.  Hulme's  Experiments  and  Observations 

Exper.  6.  But,  when  mixed  with  crassamentum  that  had  been 
kept  for  some  time,  and  become  black  and  somewhat  offensive 
to  the  smell,  the  light  seemed  to  be  more  quickly  extinguished. 

Exper.  7.  A  singular  phenomenon  happened  several  times, 
on  mixing  fish-light  with  putrescent  bloody  serum.  It  would 
not  incorporate,  but  was  ejected  in  globules,  like  quicksilver 
when  rubbed  with  any  unctuous  substance,  and  afterwards 
adhered  to  the  side  of  the  vessel  in  which  the  mixture  was  made, 
in  the  form  of  a  lucid  ring. 

Exper,  8.  The  luminous  matter  of  a  herring  was  mixed 
with  about  two  ounces  of  pure  serum,  from  the  healthy  subject 
of  the  5th  experiment:  it  soon  became  finely  illuminated,  and 
retained  its  shining  appearance  for  a  long  time,  whenever  it 
was  stirred  or  agitated. 

Exper.  g.  The  recent  serum,  drawn  from  patients  afflicted 
with  inflammatory  complaints,  was  illuminated  pretty  much  in 
the  same  manner  as  in  the  8th  experiment;  and  often  retained 
light  above  48  hours. 

Urine. 

Exper.  10.  Mackerel-light  being  mixed,  by  strong  agitation, 
with  some  fresh  urine  from  a  healthy  person,  a  glimpse  of  light 
was  retained  at  first,  and  then  was  gradually  extinguished.  But 
stale  and  pungent  urine,  being  incorporated  with  luminous 
matter,  had  a  still  greater  extinguishing  effect. 

Bile. 

Exper.  ix.  Some  bile,  taken  from  a  person  who  died  of  a 
suppression  of  urine,  had  herring-light  mixed  with  it,  which 
soon  became  extinct.  Another  trial  was  made,  with  a  different 
bile,  and  with  the  same  result. 
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Milk. 

Exper.  12.  Human  milk  not  being  easily  obtained,  some 
mackerel-light  was  incorporated,  by  agitation,  with  two  ounces 
of  fresh  cow's  milk,  which  was  thereby  rendered  finely  lumi- 
nous, and  continued  shining  above  24  hours.  Fresh  cream  also 
retained  some  light ;  though  it  was  not  so  visible  as  with  milk, 
owing  probably  to  its  thickness.  But,  when  either  milk  or 
*  cream  turn  sour,  they  contract  a  very  extinguishing  property. 
A  quart  of  milk  was  kept  five  days,  in  a  moderately  cool  place, 
in  the  month  of  June ;  by  that  time,  it  was  changed  into  a 
mixture  somewhat  resembling  curds  and  whey,  that  is,  into  a 
soft  smooth  coagulated  part,  and  a  very  thin  one,  both  which 
were  acidulous.  Some  fine  mackerel-light  was  mixed  with  two 
ounces  of  each  of  them,  in  separate  phials,  and  they  extinguished 
it  immediately. 
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X.  Account  of  a  Series  of  Experiments,  undertaken  with  the  View 
of  decomposing  the  Muriatic  Acid.  By  Mr.  William  Henry. 
Communicated  by  the  Right  Hon.  Sir  Joseph  Banks,  Bart. 
P.  R.  S. 

Read  February  27,  1800. 

Modern  chemistry,  notwithstanding  its  rapid  advancement 
during  the  few  last  years,  still  presents  to  its  cultivators  several 
interesting  objects,  both  of  analytic  and  synthetic  inquiry. 
Among  the  former,  the  decomposition  of  the  muriatic  and  of 
certain  other  acids,  holds  a  distinguished  place ;  for  our  curio- 
sity respecting  the  nature  of  these  bodies,  is  strongly  excited, 
by  the  influence  which  the  discovery  would  have  on  the  general 
doctrines  of  chemical  science,  as  well  as  on  the  explanation  of 
individual  facts.  The  theory  of  the  formation  of  acids,  for  ex- 
ample, one  of  the  most  important  parts  of  the  new  system  of 
chemistry,  must  be  regarded  as  incomplete,  and  liable  to  sub- 
version, till  the  individual  acids  now  alluded  to  have  been 
resolved  into  their  constituent  principles.  To  the  best  of  my 
knowledge,  however,  we  are  not  in  possession  of  a  single  fact 
that  gives  the  smallest  insight  into  the  constitution  of  the 
muriatic  acid ;  and  the  attempts  to  effect  its  analysis,  can  only 
therefore  be  directed  by  the  analogy  of  the  decomposition  of 
other  bodies,  which,  from  similarity  of  character,  are  arranged 
in  the  same  class. 

One  of  the  first  objects,  in  the  analysis  of  a  compound  body, 
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should  be  its  complete  separation  from  all  other  substances, 
which,  by  their,  presence,  may  tend  to  introduce  uncertainty 
into  the  results  of  the  processes  that  are  employed.  But  it  is 
seldom  that  a  simplicity  so  desirable  can  be  attained  in  the  ob- 
jects of  chemical  research ;  for,  agreeably  to  a  known  law  of 
affinity,  the  last  portions  of  any  substance  are  separated  with 
peculiar  difficulty ;  the  force  of  attraction  appearing  to  increase, 
as  we  recede  from  the  point  of  saturation.  In  a  liquid  state,  the 
muriatic  acid  is  a  totally  unfit  subject  for  analytic  experiment; 
for,  in  the  strongest  form  under  which  it  can  be  procured,  it  still 
contains  a  large  proportion  of  water.  This  watery  portion,  be- 
sides the  complexity  which  it  introduces  into  the  results  of 
experiments,  prevents  any  combustible  substance  that  may  be 
applied,  from  acting  on  the  truly  acid  part ;  because  that  class 
of  bodies,  having  less  difficulty  in  attracting  oxygen  from  the 
water  than  from  the  acid,  will  necessarily  take  it  from  the 
former  source.  The  state  of  gas,  therefore,  is  the  only  one  in 
which  the  muriatic  acid  can  become  a  proper  object  of  analysis. 

In  the  series  of  experiments  on  this  gas,  which  I  am  now 
about  to  describe,  I  employed  the  electric  fluid,  as  an  agent 
much  preferable  to  artificial  heat.  This  mode  of  operating 
enables  us  to  confine  accurately  the  gases  submitted  to  experi- 
ment ;  the  phenomena  that  occur  during  the  process,  may  be 
distinctly  observed ;  and  the  comparison  of  the  products,  with 
the  original  gases,  may  be  instituted  with  great  exactness. 
The  action  of  the  electric  fluid  itself,  as  a  decomponent,  is  ex- 
tremely powerful;  for  it  is  capable  of  separating  from  each  other, 
the  constituent  parts  of  water,  of  the  nitric  and  sulphuric  acids, 
of  the  volatile  alkali,  of  nitrous  gas,  and  of  several  other 
bodies,  whose  components  are  strongly  united.   I  began,  there* 


Digitized  by  Google 


190  Mr.  Henry's  Account  of  Experiments 

fore,  with  examining  attentively  the  effects  of  the  electric  fluid 
on  the  muriatic  acid  gas,  without  admixture.* 

SECTION  I. 

On  the  Effects  of  Electricity  on  Muriatic  Acid  Gas. 

When  strong  electrical  shocks  were  passed  through  a  portion, 
of  muriatic  acid  gas,  confined  in  a  glass  tube  over  mercury,  the 
following  appearances  took  place.  The  bulk  of  the  gas,  after  20 
or  30  shocks,  was  considerably  diminished;  and  a  white  deposit 
appeared  on  the  inner  surface  of  the  tube,  which  considerably 
obscured  its  transparency.    In  some  instances,  both  the  con- 
traction and  deposit  were  much  more  remarkable  than  in  others. 
The  gas  which  issued  from  muriate  of  soda,  soon  after  the  affu- 
sion of  sulphuric  acid,  and  while  the  charge  was  yet  warm,, 
exhibited  these  appearances  in  an  eminent  degree.  Of  this  gas, 
307  measures  were  reduced,  by  «o  shocks,  to  827,  or  were  con- 
tracted nearly  one-fourth.   Gas  from  the  same  materials,  after 
they  had  continued  working  for  some  hours,  was  diminished,  by 
similar  treatment,  only  about  a  twelfth.  These  effects,  therefore, 
it  seemed  probable,  depended  in  some  measure  on  the  presence 
of  moisture ;  and  I  accordingly  found,  that  muriatic  acid  gas, 
after  more  than  a  week's  exposure  to  muriate  of  lime,  brought 
into  contact  with  it  immediately  after  cooling  from  a  state  of 

•  The  gases  submitted  to  the  action  of  electricity,  in  the  following  experiments, 
were  confined  in  straight  glass  tubes  of  various  diameters,  armed  at  the  scaled  end  with 
a  conductor  of  gold,  or  of  platina,  but  generally  of  the  latter  metal.  The  shocks  were 
as  strong  as  could  be  given  without  breaking  the  tubes,  which,  notwithstanding  every 
precaution,  were  often  shattered  by  the  force  of  the  explosion.  Each  measure  of  gas 
is  equal  to  the  bulk  occupied  by  a  grain  of  mercury. 


Digitized  by  Google 


for  decomposing  the  Muriatic  Acid.  191 

fusion,  was  scarcely  diminished  at  all ;  and  that  the  deposit, 
though  it  still  occurred,  was  less  copious  in  quantity.  This 
deposit  was  not,  like  corrosive  sublimate,  soluble  in  water;  but 
had  every  property  of  the  less  saturated  salt,  calomel. 

The  mercury  by  which  the  muriatic  acid  was  confined,  was 
therefore  evidently  oxidated ;  and,  to  the  combination  of  a  part 
of  the  gas  with  the  oxide  thus  produced,  the  diminution  of  bulk 
was  doubtless  to  be  ascribed.  But  it  was  uncertain  from  whence 
this  oxygen  was  derived.  It  might  either  result  from  the  de- 
composition of  the  acid  gas,  or  of  the  water  chemically  com- 
bined with  it.  The  following  cxj)eriments  were  therefore  made, 
to  determine  this  point. 

Experiment  1.  Through  1457  measures  of  muriatic  acid  gas, 
300  electrical  shocks  were  passed.  There  remained,  after  the 
admission  of  water,  100  measures  of  permanent  gas,  (or  not 
quite  7  from  each  hundred  of  the  original  gas,)  which,  on  trial, 
appeared  to  be  purely  hydrogenous. 

Exper.  2.  Of  the  gas,  dried  by  muriate  of  lime,  ij6  measures 
received  1  so  shocks.  The  residue  of  hydrogenous  gas  amounted 
to  1 1  measures,  or  rather  more  than  6  per  cent. 

These  experiments,  and  other  similar  ones,  made  on  compa- 
rative portions  of  muriatic  acid  gas,  in  its  recent  state,  and  after 
exposure  to  muriate  of  lime,  convinced  me  that  it  was  impos- 
sible, by  this  method,  wholly  to  deprive  the  muriatic  gas  of 
water.  The  recent  gas,  however,  when  electrified  in  smaller 
quantity  than  in  experiment  1,  gave  a  larger  proportion  of  hy- 
drogenous gas ;  which  shews,  that  some  portion  of  its  moisture 
was  removed,  by  exposure  to  muriate  of  lime.  In  order,  if  pos- 
sible, to  procure  the  gas  perfectly  dry,  another  mode  of  preparing 
it  was  resorted  to.    Alum  and  common  salt  were  first  well 
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calcined,  separately,  to  expel  their  water  of  crystallization,  and, 
being  then  mixed,  were  distilled  together  in  an  earthen  retort. 
The  gas  proceeding  from  these  materials,  was  received  over 
dry  mercury ;  but,  though  only  the  last  portion  that  came  over 
was  reserved  for  experiment,  it  still,  after  the  usual  electriza- 
tion, afforded  a  product  of  hydrogenous  gas. 

In  the  course  of  the  preceding  experiments,  I  observed  that 
the  diminution  of  the  muriatic  acid  gas  stopped  always  at  a  cer- 
tain point,  beyond  which  it  could  not  be  carried  by  continuing 
the  shocks.  Gas  also,  which  had  been  thus  treated,  when  trans- 
ferred to  another  tube,  and  again  electrified,  did  not  exhibit  any 
further  deposit.  It  became  interesting,  therefore,  to  know,  whe- 
ther the  production  of  hydrogenous  gas  had  a  similar  limitation ; 
because,  the  decision  of  this  question  would  go  far  towards  ascer- 
taining its  source.  If  the  evolved  hydrogenous  gas  arose  from 
the  decomposition  of  the  acid,  it  might  be  expected  to  be  pro- 
duced, as  long  as  any  acid  remained  undecom posed.  But,  if 
water  were  the  origin  of  this  gas,  it  would  cease  to  be  evolved, 
when  the  whole  of  the  water  contained  in  the  gas  had  been 
resolved  into  its  constituent  principles. 

Experiments  3  and  4.  Into  two  separate  tubes,  I  passed  known 
quantities  of  muriatic  acid  gas.  Through  the  one  portion,  200 
discharges  were  taken ;  and  through  the  other,  400.  On  com- 
paring the  quantities  of  hydrogenous  gas  produced,  it  proved  to 
bear  exactly  the  same  proportion,  in  each  tube,  to  the  gas  origi- 
nally submitted  to  experiment.  Hence  it  may  be  inferred,  that 
the  hydrogenous  gas,  evolved  by  electrifying  the  muriatic  acid, 
has  its  origin,  not  from  the  acid,  but  from  the  water  which  is 
intimately  attached  to  it.  The  agency  of  the  electric  fluid  ap- 
pears also,  from  the  following  experiments,  to  be  exerted,  not 
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only  in  disuniting  the  elements  of  water,  but  in  promoting  the 
union  of  the  evolved  oxygen  with  muriatic  acid. 

Exper.  5.  A  mixture  of  common  air  and  muriatic  acid  gas, 
in  the  proportion  of  143  of  the  former  to  116  of  the  latter,  was 
rapidly  diminished  by  electrical  shocks ;  30  of  which  reduced 
the  whole  to  111.*  The  remainder  consisted  of  muriatic  acid 
and  azotic  gases,  with  a  small  proportion  of  oxygenous  gas.  The 
deposit  formed  on  the  tube  was  of  the  same  kind  as  before,  but 
much  more  abundant. 

Exper.  6.  The  same  appearances  were  occasioned,  much  more 
remarkably,  by  electrifying  muriatic  acid  with  oxygenous  gas ; 
and  the  contraction  continued,  till  the  mercury  rose  so  as 
to  touch  the  extremity  of  the  platina  conductor.  At  each  ex- 
plosion, a  dense  white  cloud  was  seen  in  the  tube,  which  soon 
settled  on  its  inner  surface,  and  was  of  exactly  the  same  che- 
mical composition  as  the  one  already  described.  Nitrous  gas 
and  muriatic  gas,  when  electrified  together,  underwent  a  similar 
change. 

In  order  to  ascertain  whether  the  mercury  by  which  the 
gases  were  confined,  in  the  above  experiments,  had  any  influ- 
ence on  their  results,  they  were  repeated  in  an  instrument 
made,  purposely  for  the  occasion,  by  Mr.  Cuthbertson,  of 
London.  It  consisted  of  a  glass  tube,  ground  at  each  end,  with 
the  view  of  receiving  two  stoppers,  each  perforated  with  platina 
wire,  which  projected  into  the  cavity  of  the  tube.  When  the 
stoppers  were  in  their  places,  the  extremities  of  the  wires  were 

•  This  experiment  suggests  an  additional  reason,  to  that  already  given,  for  the 
greater  diminution  of  the  first,  than  of  the  subsequent  portions  of  muriatic  acid  gas ; 
for  the  former  may  be  presumed  to  have  been  much  more  adulterated  than  the  latter, 
with  the  atmospherical  air  of  the  vessels. 
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at  the  distance  of  about  half  an  inch ;  and,  by  properly  disposing 
the  apparatus,  electrical  shocks  might  be  passed,  through  any 
gas  or  mixture  of  gases*  with  the  contact  only  of  glass  and 
platina. 

Exper.  7.  In  this  tube  I  electrified  the  muriatic  acid  gas,  and 
then  admitted  to  it  an  infusion  of  litmus.  The  sudden  destruc- 
tion of  its  colour  evinced  the  formation  of  oxygenated  muriatic 
acid.  Not  the  smallest  deposit  appeared  on  the  tube. 

Experiments  8  and  9.  The  same  phenomenon  took  place, 
when  an  infusion  of  litmus  was  brought  into  contact  with  a 
mixture  of  common  air  and  muriatic  acid,  and  of  oxygenous  gas 
and  muriatic  acid,  after  electrization  in  this  instrument;  oxyge- 
nated murktic  acid  being  produced  in  both  cases. 

The  above  facts  prove,  that  the  combination  of  oxygen  with 
muriatic  acid,  in  these  experiments,  is  not  occasioned  by  a  pre- 
disposing affinity  in  the  mercury  to  combine  with  oxygenated 
muriatic  acid ;  but  that  the  electric  fluid  serves  actually  as  an 
intermedium,  in  combining  the  muriatic  acid  with  oxygen. 

From  the  relation  of  these  experiments  it  appears,  that  not 
the  smallest  progress  had  been  made  by  them,  towards  the  de- 
composition of  the  muriatic  acid.  I  resolved,  therefore,  to 
attempt  its  analysis,  in  a  similar  manner,  with  the  aid  of  com- 
bustible gases. 

SECTION  n. 

Effects  of  electrifying  the  Muriatic  Acid  Gas  with  inflammable 

Substances. 

In  a  memoir  read  before  the  Royal  Society,  and  inserted  in 
their  Transactions  for  1797,  I  have  shewn,  that  when  electrical 
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shocks  are  passed  repeatedly  through  a  confined  portion  of  car- 
bonated hydrogenous  gas,  the  water  held  in  solution  by  the 
gas,  is  decomposed  by  the  carbon,  which  forms  a  constituent 
part  of  it ;  that  carbonic  acid  is  formed ;  and  an  addition  made, 
of  hydrogenous  gas.  Hence,  the  bulk  of  the  carbonated  hydro- 
gen gas  is  considerably  enlarged  by  this  process ;  which  shews, 
by  its  results,  that  the  affinity  of  carbon  for  oxygen,  is  rendered 
much  more  powerful  and  efficient  by  the  electric  fluid.  I  have 
since  found,  that  other  oxygenated  substances  are  decomposed, 
by  electrifying  them  with  carbonated  hydrogen  gas.  Nitrous 
gas,  for  example,  is  speedily  destroyed  by  this  process,  and 
carbonic  acid  and  azotic  gases  are  obtained. 

Every  attempt  to  decompose  the  muriatic  acid,  must  be 
founded  on  the  presumption  that  it  is  an  oxygenated  substance; 
and  those  bodies  promise  to  be  the  most  successful  agents,  that 
possess  a  strong  affinity  for  oxygen.  Now,  of  all  known  bodies, 
charcoal  most  strongly  attracts  oxygen  ;  and  I  have,  therefore, 
repeatedly  attempted  the  destruction  of  this  acid,  by  passing  it 
over  red-hot  charcoal.  But,  in  a  series  of  experiments,  which  I 
made  some  time  since,  with  this  view,  in  conjunction  with  Mr. 
Rupp,  we  soon  found  reason  to  be  dissatisfied  with  the  difficulty 
and  uncertainty  of  this  process.  An  immense  production  of 
hydrogenous  gas  took  place;  but  it  was  not  easy  to  determine 
whether  it  had  its  origin  from  real  acid,  or  from  water.  Our 
experiments,  however,  though  insufficient  to  furnish  decisive 
proof,  induced  us  to  believe  that  it  had  the  latter  origin. 

It  next  occurred  to  me,  that  the  comparative  affinities  of  the 
muriatic  radical,  whatever  it  may  be,  and  of  charcoal,  for  oxygen, 
would  be  elegantly  and  satisfactorily  ascertained,  by  electrifying 
together  the  carbonated  hydrogen  and  muriatic  gases.    If  the 
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muriatic  acid  be  capable  of  decomposition  by  carbon,  it  might 
be  expected  to  be  destroyed  by  this  process;  and  the  exact 
quantity  of  acid  decomposed,  and  the  nature  and  quantity  of 
the  products,  would  thus  be  easily  determined.  I  electrified, 
therefore,  the  muriatic  acid  and  carbonated  hydrogen  gases, 
with  the  most  scrupulous  attention  to  the  phaenomena  and  re- 
sults. That  the  electric  fluid  might  not  be  misapplied,  in  decom- 
posing the  water  of  the  carbonated  hydrogen  gas,  it  was  kept 
more  than  a  week,  before  use,  over  quick  lime,  introduced  to  it 
while  yet  hot. 

Exper.  10.  Of  this  carbonated  hydrogenous  gas,  186  mea- 
sures were  expanded,  by  130  shocks,  to  si  1 ;  that  is,  the  gas  was 
increased  about  |  its  bulk. 

Exper.  11.  Of  the  same  gas,  84  measures  were  mixed  with 
116  of  muriatic  acid  gas,  dried  by  muriate  of  lime.  By  120 
shocks,  the  mixture  was  a  little  dilated.  After  the  admission  of 
a  drop  or  two  of  water,  there  remained  9 1  measures ;  i.  e.  the 
addition  of  permanent  gas  was  7  measures,  or  about  as  much  as 
might  have  been  expected  from  the  muriatic  gas  alone. 

Exper.  12.  Eighty-three  measures  of  dry  carbonated  hydro- 
genous gas,  with  89  of  muriatic  acid  gas,  received  200  shocks. 
The  permanent  residue,  after  the  admission  of  water,  was  101 
measures :  the  addition,  therefore,  amounted  to  18.  Of  the 
added  18,  6*  may  be  accounted  for  by  the  decomposition  of  the 
water  of  the  muriatic  gas,  and  10  by  that  of  the  carbonated 
hydrogenous  gas.  There  remain,  therefore,  only  2  measures 
that  can  be  supposed  to  be  produced  from  the  muriatic  acid  gas; 
a  quantity  too  small  to  afford  grounds  for  supposing  them  to 
arise  from  decomposed  acid. 
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Exper.  13.  Dry  carbonated  hydrogenous  gas  132  measures, 
mixed  with  dry  muriatic  gas   -  108 

24° 

by  200  shocks,  expanded  to  -  268 
Part  of  this  gas  was  then  transferred  to  another  tube,  and  the 
proportion  of  permanent  gas  ascertained.  Through  the  remain- 
der,  150  additional  shocks  were  passed,  before  the  amount  of 
the  gas  thus  evolved  was  determined.  In  both,  it  bore  exactly 
the  same  proportion  to  the  original  gas ;  which  shews,  that  by 
continuing  the  electrization,  no  further  effects  were  produced. 

A  great  variety  of  similar  experiments  convinced  me,  that  by 
electrifying  together  the  carbonated  hydrogenous  and  mu- 
riatic gases,  not  the  smallest  progress  was  made  towards  the 
decomposition  of  the  latter.  All  that  was  thus  effected,  consisted 
in  the  decomposition  of  the  water  of  the  two  gases,  by  the  car- 
bon of  the  combustible  gas;  and,  when  this  was  completely 
accomplished,  no  further  effect  ensued  from  continuing  the 
electrization.  The  generation  of  carbonic  acid  was  proved,  by 
the  following  experiment. 

Exper.  14,.  To  a  mixture  of  carbonated  hydrogen  and  mu- 
riatic gases,  after  having  received  above  100  shocks,  a  drop  of 
water  was  admitted,  which  absorbed  the  muriatic  acid.  The 
liquid  was  then  taken  up  by  blotting-paper ;  and  the  residuary 
gas,  being  transferred  into  another  tube,  was  brought  into 
contact  with  a  solution  of  pure  barytic  earth.  The  precipitation 
of  this  solution,  evinced  the  presence  of  carbonic  acid. 

It  was  desirable,  however,  that  the  effects  should  be  ascer- 
tained, of  electrifying  together  pure  muriatic  acid  and  pure  car- 
bonated hydrogenous  gas,  both  perfectly  free  from  water.  Now, 
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from  the  experiments  related  in  the  first  Section,  it  appears 
highly  probable,  that  a  complete  purification  from  moistu  *e  is 
produced,  in  both  gases,  by  the  action  of  the  electric  fluid ;  all 
the  water  they  before  contained  being  thus  decomposed.  In  the 
following  experiments,  therefore,  the  two  gases  were  separately 
electrified,  before  they  were  submitted  to  this  process  conjointly. 

Exper.  15.  To  a  portion  of  muriatic  acid,  diminished  by  the 
action  of  electricity  from  144,  to  121  measures,  27  measures  of 
carbonated  hydrogenous  gas,  expanded  as  far  as  possible,  were 
added,  and  200  shocks  passed  through  the  mixture.  The  addi- 
tion of  permanent  gas  amounted  to  14  measures ;  10  of  which 
may  be  traced  to  the  muriatic  acid,  and  were  evolved  by  its 
separate  electrization.  The  remaining  4  measures,  which  remain 
to  be  accounted  for,  are  too  small  a  quantity  to  be  ascribed  to 
the  decomposition  of  the  acid. 

Exper.  16.  To  a  quantity  of  carbonated  hydrogenous  gas, 
which  had  received  400  shocks,  and  occupied  the  space  of  212 
measures,  I  added  232  of  muriatic  acid,  through  which  200 
shocks  had  previously  been  passed.  The  electrization  of  the 
mixture  was  next  continued,  till  800  discharges  had  taken  place. 
On  examining  the  mixture  of  gases,  during  this  operation,  no 
change  whatever  took  place;  and,  after  its  close,  no  more 
muriatic  acid  had  disappeared,  than  would  have  been  deficient 
after  the  first  electrization ;  nor  was  there  any  further  produc- 
.*ion  of  permanent  gas. 

Exper.  17.  The  same  result  was  obtained,  by  electrifying 
together  280  measures  of  carbonated  hydrogenous  gas,  pre- 
viously expanded  by  600  shocks,  and  1 14  of  muriatic  acid,  after 
400  shocks.    The  additional  discharge,  through  this  mixture, 
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of  1000  shocks,  did  not  evince  the  smallest  progress  towards 
the  decomposition  of  the  muriatic  acid. 

Exper.  18.  In  the  naturally  moist  state  of  these  gases,  it 
follows,  from  the  14th  experiment,  that  carbonic  acid  is  pro- 
duced by  electrifying  them  in  conjunction.  It  appeared  to  me 
of  some  importance  to  ascertain  whether,  after  a  previous 
decomposition  of  their  moisture,  carbonic  acid  would  continue 
to  be  generated.  But  the  electrified  carbonated  hydrogenous  gas 
itself  contains  carbonic  acid,  which,  unless  removed,  would 
render  the  result  of  the  experiment  undecisive.  This  was  accom 
pit  shed  by  passing  up,  to  a  portion  of  electrified  gas,  a  bubble 
or  two  of  dry  ammoniacal  gas,  which,  uniting  with  the  carbonic 
acid,  would  condense  any  portion  of  it  that  might  be  present. 
The  remainder  was  transferred  into  another  tube ;  and,  to  this 
carbonated  hydrogenous  gas,  perfectly  deprived  both  of  moisture 
and  carbonic  acid,  muriatic  acid  gas,  previously  electrified,  was 
added,  and  electrical  shocks  were  passed  through  the  mixture.  A 
drop  of  water  was  then  admitted ;  and  the  residuary  gas,  after 
having  been  dried,  was  transferred  into  another  tube.  On 
passing  up  barytic  water,  not  the  smallest  trace  of  carbonic  acid 
could  be  discovered. 

From  the  preceding  experiments,  the  following  conclusions 
may  be  deduced. 

1.  The  muriatic  acid  gas,  in  the  driest  state  in  which  it  can 
be  procured,  still  contains  a  portion  of  water.  From  a  calcula- 
tion founded  on  the  experiments  described  in  the  first  section, 
the  grounds  of  which  are  too  obvious  to  require  being  stated,  it 
follows,  that  100  cubical  inches  of  muriatic  gas,  after  exposure 
to  muriate  of  lime,  still  hold  in  combination  1.4,  grain  of  water. 

2.  When  electrical  shocks  are  passed  through  this  gas,  the 
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watery  portion  is  decomposed.  The  hydrogen  of  the  water, 
uniting  with  the  electric  matter,  constitutes  hydrogenous  gas, 
and  the  oxygen  unites  with  the  muriatic  acid;  which  last,  acting 
on  the  mercury,  composes  muriate  of  mercury. 

3.  The  electric  fluid  serves  as  an  intermedium,  in  combining 
oxygen  with  muriatic  acid. 

4.  The  really  acid  portion  of  muriatic  gas  does  not  sustain 
any  decomposition  by  the  action  of  electricity. 

5.  When  electric  shocks  are  passed  through  a  mixture  of 
carbonated  hydrogen  and  muriatic  acid  gases,  the  water  held 
in  solution  by  these  gases,  is  decomposed  by  the  carbon  of  the 
compound  inflammable  gas ;  and  carbonic  acid  and  hydrogenous 
gases  are  the  result. 

6.  When  all  the  water  of  the  two  gases  has  been  decomposed, 
no  effect  ensues  from  continuing  the  electrization ;  or,  if  the 
water  of  each  gas  has  been  previously  destroyed,  by  electrifying 
them  separately,  no  further  effect  ensues  from  electrifying  them 
conjointly. 

7.  Since  therefore  carbon,  though  placed  under  the  most 
favourable  circumstances  for  abstracting  from  the  muriatic  acid, 
and  combining  with,  its  oxygen,  evinces  no  such  tendency,  it 
may  be  inferred,  that  if  the  muriatic  acid  be  an  oxygenated 
substance,  its  radical  has  a  stronger  affinity  for  oxygen  than 
charcoal  possesses. 

Though  the  first  impressions  excited  in  my  mind  by  the  total 
failure  of  the  above  experiments,  in  accomplishing  one  of  the 
greatest  objects  of  modern  chemistry,  have  induced  me  for  some 
time  to  withhold  them  from  the  society,  I  am  satisfied  by  reflec- 
tion, that  this  communication  is  not  without  expediency.  The 
means  employed  in  attempting  the  analysis  of  the  muriatic  acid, 
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were  such  as,  after  mature  deliberation,  appeared  to  me  most  to 
promise  success ;  and  the  experiments  were  attended  with  a 
degree  of  labour,  which  can  only  be  estimated  by  those  who 
have  been  engaged  in  similar  pursuits ;  not  one  third  of  those 
which  were  really  made  having  been  described,  in  the  foregoing 
account  of  them.  It  may  spare  therefore  to  others,  a  fruitless 
application  of  time  and  trouble,  to  be  made  acquainted  with 
what  I  have  done;  and  the  collateral  facts,  which  have  pre- 
sented themselves  in  the  inquiry,  are  perhaps  not  without 
curiosity  or  value. 

From  the  result  of  these  experiments,  I  apprehend,  all  hope 
must  be  relinquished,  of  effecting  the  decomposition  of  the 
muriatic  acid,  in  the  way  of  single  elective  affinity.  They 
furnish  also  a  strong  probability,  that  the  basis  of  the  muriatic 
acid  is  some  unknown  body ;  for,  no  combustible  substance 
with  which  we  are  acquainted,  can  retain  oxygen,  when  sub- 
mitted, in  contact  with  charcoal,  to  the  action  of  electricity,  or 
of  a  high  temperature.  The  analysis  of  this  acid  must,  in  future, 
be  attempted  with  the  aid  of  complicated  affinities.  Thus,  in 
the  masterly  experiment  of  Mr.  Tennant,  phosphorus,  which 
attracts  oxygen  less  strongly  than  charcoal,  by  the  intermedia- 
tion of  lime  decomposes  the  carbonic  acid.  Yet,  led  by  the 
analogy  of  this  fact,  its  discoverer  found  that  a  similar  artifice 
did  not  succeed  in  decomposing  the  muriatic  acid.  "  As  vital 
"  air,"  he  observes,  "  is  attracted  by  a  compound  of  phosphorus 
"  and  calcareous  earth,  more  powerfully  than  by  charcoal,  I  was 
"  desirous  of  trying  their  efficacy  upon  those  acids  which  may 
"  from  analogy  be  supposed  to  contain  vital  air,  but  which  are 
"  not  affected  by  the  application  of  charcoal.  With  this  intention, 
"  I  made  phosphorus  pass  through  a  compound  of  marine  acid 
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*«  and  calcareous  earth,  and  also  of  fluor  acid  and  calcareoui 
M  earth,  but  without  producing  in  either  of  them  any  alteration. 
"  Since  the  strong  attraction  which  these  acids  have  for  calca- 
"  reous  earth  tends  to  prevent  their  decomposition,  it  might  be 
"  thought,  that  in  this  manner  they  were  not  more  disposed  to 
"  part  with  vital  air  than  by  the  attraction  of  charcoal :  but 
"  this,  however,  does  not  appear  to  be  the  fact.  I  have  found, 
"  that  phosphorus  cannot  be  obtained  by  passing  marine  acid 
"  through  a  compound  of  bones  and  charcoal  when  red-hot. 
"  The  attraction,  therefore,  of  phosphorus  and  lime  for  vital 
"  air,  exceeds  the  attraction  of  charcoal,  by  a  greater  force  than 
"  that  arising  from  the  attraction  of  marine  acid  for  lime."* 


By  means  similar  to  those  employed  in  attempting  the 
analysis  of  the  muriatic  acid,  I  tried  to  effect  that  of  the  fluoric 
acid.  When  electrified  alone,  in  a  glass  tube  coated  internally 
with  wax,  it  sustained  a  diminution  of  bulk,  and  there  remained 
a  portion  of  hydrogenous  gas.  But,  neither  in  this  mode,  nor  by 
submitting  it,  mixed  with  carbonated  hydrogenous  gas,  to  the 
action  of  electricity,  was  any  progress  made  towards  its  analysis. 
These  experiments,  however,  render  it  probable,  that  the  fluoric 
acid,  like  the  muriatic,  is  susceptible  of  still  farther  oxygenation, 
in  which  state  it  becomes  capable  of  acting  on  mercury.  The 
carbonic  acid,  on  the  contrary,  appears  not  to  admit  of  different 
degrees  of  oxygenation.  When  the  electric  shock  has  been 
repeatedly  passed  through  a  portion  of  this  acid  gas,  its  bulk  is 
enlarged,  and  a  permanent  gas  is  produced,  which  is  evidently 

•  Phil.  Trans.  Vol.  LXXXI.  p.  184! 
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a  mixture  of  oxygenous  and  hydrogenous  gases ;  for,  when  an 
electrical  spark  is  passed  through  the  gas  that  remains  after 
the  absorption  of  the  carbonic  acid  by  caustic  alkali,  it  imme- 
diately explodes.  These  results  even  take  place  on  electrifying 
carbonic  acid  from  marble,  previously  calcined  in  a  low  red 
heat,  to  expel  its  water,  and  then  distilled  in  an  earthen  retort.* 

•  Messieurs  Lakdkiani  and  Van  Marum  (  Annates  de  Cbimie,  Tom.II.  p. 270.) 
obtained  only  hydrogenous  gas,  by  electrifying  the  carbonic  acid  gas.  But  the  con- 
ductor of  their  apparatus  was  an  iron  one;  which  metal  would  combine  with  the 
oxygen  of  the  water,  and  prevent  it  from  appearing  in  a  gaseous  state.  In  my  experi- 
ments, the  conductors  were  of  platina. 


Dd  2 


XI.  On  a  new  fulminating  Mercury.   By  Edward  Howard,  Esq. 

F.  R.  S. 

Read  March  13,  1800. 
section  1. 

The  mercurial  preparations  which  fulminate,  when  mixed  with 
sulphur,  and  gradually  exposed  to  a  gentle  heat,  are  well  known 
to  chemists:  they  were  discovered,  and  have  been  fully  de- 
scribed, by  Mr.  Bayen.* 

MM.  Brugnatelli  and  Van  Mons  have  likewise  produced 
fulminations  by  concussion,  as  well  with  nitrate  of  mercury  and 
phosphorus,  as  with  phosphorus  and  most  other  nitrates.-f- 
Cinnabar  likewise  is  amongst  the  substances  which,  according 
to  MM.  Fourcroy  and  Vauquelin,  detonate  by  concussion 
with  oxymuriate  of  potash.  J 

Mr.  Ameilon  had,  according  to  Mr.  Berthollet,  observed, 
that  the  precipitate  obtained  from  nitrate  of  mercury  by  oxalic 
acid,  fuses  with  a  hissing  noise.  § 

•  Opuscules  Cbimique  de  Bayen,  Tom.  I.  p.  346,  and  note  in  p.  344. 
f  Annates  de  Cbimie,  Tom.  XXVII.  p.  74  and  79. 
X  Ibid.  Tom.  XXI.  p.  238. 

§  This  fact  has  been  misrepresented,  in  the  introduction  to  a  work  intitled  The 
chemical  Principles  of  the  metallic  Arts,  by  W.  Richardson,  surgeon,  F.  A.  S.  Sc. 
(page  lvii.)  The  author,  speaking  of  the  acid  of  sorrel,  says,  «  Klaproth  of  Berlin 
"  precipitated  a  nitrous  solution  of  mercury  with  acid  of  wood-sorrel,  neutralized  with 
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SECTION  II. 

But  mercury,  and  most  if  not  all  its  oxides,  may,  by  treat- 
ment with  nitric  acid  and  alcohol,  be  converted  into  a  whitish 
crystallized  powder,  possessing  all  the  inflammable  properties 
of  gunpowder,  as  well  as  many  peculiar  to  itself. 

I  was  led  to  this  discovery,  by  a  late  assertion,  that  hydrogen 
is  the  basis  of  the  muriatic  acid :  it  induced  me  to  attempt  to 
combine  different  substances  with  hydrogen  and  oxygen.  With 
this  view,  I  mixed  such  substances  with  alcohol  and  nitric  acid, 
as  I  thought  might  (by  predisposing  affinity)  favour,  as  well  as 
attract,  an  acid  combination,  of  the  hydrogen  of  the  one,  and 
the  oxygen  of  the  other.  The  pure  red  oxide  of  mercury  ap- 
peared not  unfit  for  this  purpose;  it  was  therefore  intermixed 
with  alcohol,  and  upon  both,  nitric  acid  was  affused.  The  acid 
did  not  act  upon  the  alcohol  so  immediately  as  when  these 
fluids  are  alone  mixed  together,  but  first  gradually  dissolved 
the  oxide :  however,  after  some  minutes  had  elapsed,  a  smell 
of  ether  was  perceptible,  and  a  white  dense  smoke,  much. 

«  vegetable  alkali.  The  white  precipitate,  well  washed  and  dried,  produced  a  fulmi- 
-  rating  noise,  not  inferior  to  that  of  fulminating  gold.  Acid  of  sugar,  perfectly  ncu- 
"  tralized  by  vegetable  alkali,  produced  the  same  precipitate,  which,  on  exposure  to 
"  heat,  exhibited  the  same  fulminating  power."  I  must  confess,  I  have  not  been  able  to 
"  produce  any  such  fulmination.  Mr.  Richardson  has  moreover  given  this  supposed 
discovery  to  Mr.  Klaproth  ;  whereas,  Mr.  Berthollit,  when  quoting  the  fact  to 
which  I  suppose  Mr.  Richardson  intended  to  allude,  observes,  "  Qu'on  avoit  deja 
«•  donne  le  nom  d'argent  fulminant  au  precipite  du  nitrate  d'argent  par  l'acide  oxa- 
"  lique,  dans  lequel  M.  Klaproth  avoit  decouvert  la  propriete  de  fuser  avec  vivacitc 
"  lorsqu'on  l'exposc  a  la  chaleur.  M.  Ameilon  avoit  aussi,  depuis  longtems,  fait 
•*  connoitrc  que  l'acide  oxalique  communiquoit  cctte  propriete  au  mercure,  quoique 
"  moins  fortement  qu'a  Pargent ;  mais  cet  effet  (he  continues)  est  fort  eloigne  de 
«'  celui  qu'on  designe  par  la  fulmination."  Annalet  de  Cbimle,  Tom.  I.  p.  57. 
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resembling  that  from  the  liquor  fumans  of  Libavius,  was 
emitted  with  ebullition.  The  mixture  then  threw  down  a  dark- 
coloured  precipitate,  which  by  degrees  became  nearly  white. 
This  precipitate  I  separated  by  filtration;  and,  observing  it  to  be 
crystallized  in  small  acicular  crystals,  of  a  saline  taste,  and  also 
finding  a  part  of  the  mercury  volatilized  in  the  white  fumes,  I 
must  acknowledge  I  was  not  altogether  without  hopes  that 
muriatic  acid  had  been  formed,  and  united  to  the  mercurial 
oxide.  I  therefore,  for  obvious  reasons,  poured  sulphuric  acid 
upon  the  dried  crystalline  mass,  when  a  violent  effervescence 
ensued,  and,  to  my  great  astonishment,  an  explosion  took  place. 

The  singularity  of  this  explosion  induced  me  to  repeat  the 
process  several  times ;  and,  finding  that  I  always  obtained  the 
same  kind  of  powder,  I  prepared  a  quantity  of  it,  and  was  led 
to  make  the  series  of  experiments  which  I  shall  have  the 
honour  to  relate  in  this  paper. 

« 

SECTION  IH. 

I  first  attempted  to  make  the  mercurial  powder  fulminate 
by  concussion;  and  for  that  purpose  laid  about  a  grain  of  it 
upon  a  cold  anvil,  and  struck  it  with  a  hammer,  likewise  cold : 
it  detonated  slightly,  not  being,  as  I  suppose,  struck  with  a  flat 
blow ;  for,  upon  using  3  or  4  grains,  a  very  stunning  disagree- 
able noise  was  produced,  and  the  faces  both  of  the  hammer  and 
the  anvil  were  much  indented. 

Half  a  grain  or  a  grain,  if  quite  dry,  is  as  much  as  ought  to 
be  used  on  such  an  occasion. 

The  shock  of  an  electrical  battery,  sent  through  5  or  6  grains 
of  the  powder,  produces  a  very  similar  effect :  it  seems  indeed, 
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that  a  strong  electrical  shock,  generally  acts  on  fulminating 
substances  like  the  blow  of  a  hammer.  Messrs.  Fourcroy  and 
Vauouelin  found  this  to  be  the  case  with  all  their  mixtures  of 
oxymuriate  of  potash.* 

To  ascertain  at  what  temperature  the  mercurial  powder 
explodes,  2  or  3  grains  of  it  were  floated  on  oil,  in  a  capsule  of 
leaf  tin ;  the  bulb  of  a  Fahrenheit's  thermometer  was  made 
just  to  touch  the  surface  of  the  oil,  which  was  then  gradually 
heated  till  the  powder  exploded,  as  the  mercury  of  the  thermo- 
meter reached  the  368th  degree. 

SECTION  IV. 

Desirous  of  comparing  the  strength  of  the  mercurial  com- 
pound with  that  of  gunpowder,  I  made  the  following  experi- 
ment, in  the  presence  of  my  friend  Mr.  Abernethy. 

Finding  that  the  powder  could  be  fired  by  flint  and  steel, 
without  a  disagreeable  noise,  a  common  gunpowder  proof, 
capable  of  containing  eleven  grains  of  fine  gunpowder,  was 
filled  .with  it,  and  fired  in  the  usual  way  :  the  report  was  sharp, 
but  not  loud.  The  person  who  held  the  instrument  in  his  hand 
felt  no  recoil ;  but  the  explosion  laid  open  the  upper  part  of  the 
barrel,  nearly  from  the  touch-hole  to  the  muzzle,  and  struck 
off  the  hand  of  the  register,  the  surface  of  which  was  evenly 
indented,  to  the  depth  of  0,1  of  an  inch,  as  if  it  had  received  the 
impression  of  a  punch. 

The  instrument  used  in  this  experiment  being  familiarly 
known,  it  is  therefore  scarcely  necessary  to  describe  it ;  suffice 
it  to  say,  that  it  was  of  brass,  mounted  with  a  spring  register, 

•  AmaUs  de  Cbimie,  Tom.  XXI.  p.  239. 
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the  moveable  hand  of  which  closed  up  the  muzzle,  to  receive 
and  graduate  the  violence  of  the  explosion.  The  barrel  was 
half  an  inch  in  caliber,  and  nearly  half  an  inch  thick,  except 
where  a  spring  of  the  lock  impaired  half  its  thickness. 

section  v. 

i 

A  gun  belonging  to  Mr.  Keir,  an  ingenious  artist  of  Camden- 
town,  was  next  charged  with  17  grains  of  the  mercurial  powder, 
and  a  leaden  bullet.  A  block  of  wood  was  placed  at  about  eight 
yards  from  the  muzzle,  to  receive  the  ball,  and  the  gun  was 
fired  by  a  fuse.  No  recoil  seemed  to  have  taken  place ;  as  the 
barrel  was  not  moved  from  its  position,  although  it  was  in  no 
ways  confined.  The  report  was  feeble :  the  bullet,  Mr.  Keir 
conceived,  from  the  impression  made  upon  the  wood,  had  been 
projected  with  about  half  the  force  it  would  have  been  by  an 
ordinary  charge,  or  68  grains,  of  the  best  gunpowder.  We 
therefore  recharged  the  gun  with  34  grains  of  the  mercurial 
powder ;  and,  as  the  great  strength  of  the  piece  removed  any 
apprehension  of  danger,  Mr.  Keir  fired  it  from  his  shoulder, 
aiming  at  the  same  block  of  wood.  The  report  was  like  the 
first  in  section  iv.  sharp,  but  not  louder  than  might  have  been 
expected  from  a  charge  of  gunpowder.  Fortunately,  Mr.  Keir 
was  not  hurt,  but  the  gun  was  burst  in  an  extraordinary  manner. 
The  breech  was  what  is  called  a  patent  one,  of  the  best  forged 
iron,  consisting  of  a  chamber  0,4  of  an  inch  thick  all  round, 
and  0,4  of  an  inch  in  caliber;  it  was  tom  open  and  flawed  in 
many  directions,  and  the  gold  touch-hole  driven  out.  The 
barrel,  into  which  the  breech  was  screwed,  was  0,5  of  an  inch 
thick ;  it  was  split  by  a  single  crack  three  inches  long,  but  this 
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did  not  appear  to  me  to  be  the  immediate  effect  of  the  explosion. 
I  think  the  screw  of  the  breech,  being  suddenly  enlarged,  acted 
as  a  wedge  upon  the  barrel.  The  ball  missed  the  block  of  wood, 
and  struck  against  a  wall,  which  had  already  been  the  receptacle 
of  so  many  bullets,  that  we  could  not  satisfy  ourselves  about 
the  impression  made  by  this  last. 

SECTION  VI. 

As  it  was  pretty  plain  that  no  gun  could  confine  a  quantity 
of  the  mercurial  powder  sufficient  to  project  a  bullet,  with  a 
greater  force  than  an  ordinary  charge  of  gunpowder,  I  deter- 
mined to  try  its  comparative  strength  in  another  way. 

I  procured  two  blocks  of  wood,  very  nearly  of  the  same  size 
and  strength,  and  bored  them  with  the  same  instrument  to  the 
same  depth.  The  one  was  charged  with  half  an  ounce  of  the  best 
Dartford  gunpowder,  and  the  other  with  half  an  ounce  of  the 
mercurial  powder;  both  were  alike  buried  in  sand,  and  fired  by 
a  train  communicating  with  the  powders  by  a  small  touch-hole. 
The  block  containing  the  gunpowder  was  simply  split  into  three 
pieces:  that  charged  with  the  mercurial  powder  was  burst  in 
every  direction,  and  the  parts  immediately  contiguous  to  the 
powder  were  absolutely  pounded,  yet  the  whole  hung  together, 
whereas  the  block  split  by  the  gunpowder  had  its  parts  fairly 
separated.  The  sand  surrounding  the  gunpowder  was  undoubt- 
edly most  disturbed :  in  short,  the  mercurial  powder  appeared 
to  have  acted  with  the  greatest  energy,  but  only  within  certain 
limits. 
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SECTION  VII. 

The  effects  of  the  mercurial  powder,  in  the  last  experiments, 
made  me  believe  that  it  might  be  confined,  during  its  explosion, 
in  the  centre  of  a  hollow  glass  globe.  Having  therefore  pro- 
vided such  a  vessel,  7  inches  in  diameter,  and  nearly  half  an 
inch  thick,  mounted  with  brass  caps,  and  a  stop  cock,  (see  Plate 
VIII.)  I  placed  10  grains  of  the  mercurial  powder  on  very  thin 
paper,  laid  an  iron  wire  140th  of  an  inch  thick  across  the 
paper,  through  the  midst  of  the  powder,  and,  closing  the  paper, 
tied  it  fast  at  both  extremities,  with  silk,  to  the  wire.  As  the 
inclosed  powder  was  now  attached  to  the  middle  of  the  wire, 
each  end  of  which  was  connected  with  the  brass  caps,  the 
packet  of  powder  became,  by  this  disposition,  fixed  in  the  centre 
of  the  globe.  Such  a  charge  of  an  electrical  battery  was  then 
sent  along  the  wire,  as  a  preliminary  experiment*  had  shewn 
me  would,  by  making  the  wire  red-hot,  inflame  the  powder. 
The  glass  globe  withstood  the  explosion,  and  of  course  retained 
whatever  gases  were  generated :  its  interior  was  thinly  coated 
with  quicksilver  in  a  very  divided  state.  A  bent  glass  tube  was 
now  screwed  to  the  stop-cock  of  the  brass  cap,  which  being 
introduced  under  a  glass  jar  standing  in  the  mercurial  bath,  the 
stop-cock  was  opened.  Three  cubical  inches  of  air  rushed  out, 
and  a  fourth  was  set  at  liberty  when  the  apparatus  was  removed 
to  the  water-tub.  The  explosion  being  repeated,  and  the  air  all 
received  over  water,  the  quantity  did  not  vary.  To  avoid  an 
error  from  change  of  temperature,  the  glass  globe  was,  both 
before  and  after  the  explosion,  immersed  in  water  of  the  same 

•  With  Mr.  CuthbhtioVs  electrometer. 
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temperature.  It  appears  therefore,  that  the  ten  grains  of  powder, 
produced  four  cubical  inches  only  of  air. 

To  continue  the  comparison  between  the  mercurial  powder 
and  gunpowder,  10  grains  of  the  best  Dartford  gunpowder  were 
in  a  similar  manner  set  fire  to  in  the  glass  globe :  it  remained 
entire.  The  whole  of  the  powder  did  not  explode,  for  some 
complete  grains  were  to  be  observed  adhering  to  the  interior 
surface  of  the  glass.  Little  need  be  said  of  the  nature  of  the 
gases  generated  during  the  combustion  of  gunpowder:  they 
must  have  been,  carbonic  acid  gas,  sulphureous  acid  gas,  nitro- 
gen gas,  and  (according  to  Lavoisier*)  perhaps  hydrogen  gas. 
As  to  the  quantity  of  these  gases,  it  is  obvious  that  it  could 
not  be  ascertained ;  because  the  two  first  were,  at  least  in  part, 
speedily  absorbed  by  the  alkali  of  the  nitre,  left  pure  after  the 
decomposition  of  its  nitric  acid. 

• 

SECTION  VIII. 

From  the  experiments  related  in  the  4th  and  5th  sections,  in 
which  the  gunpowder  proof  and  the  gun  were  burst,  it  might 
be  inferred,  that  the  astonishing  force  of  the  mercurial  powder 
is  to  be  attributed  to  the  rapidity  of  its  combustion  ;  and,  a  train 
of  several  inches  in  length  being  consumed  in  a  single  flash,  it 
is  evident  that  its  combustion  must  be  rapid.  From  the  expe- 
riments of  the  6th  and  7th  sections,  it  is  sufficiently  plain  that 
this  force  is  restrained  to  a  narrow  limit;  both  because  the  block 
of  wood  charged  with  the  mercurial  powder  was  more  shattered 

»  See  Lavoisier,  Truiie  elemtntaire,  p.  527. 
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than  that  charged  with  the  gunpowder,  whilst  the  sand  sur- 
rounding it  was  least  disturbed ;  and  likewise  because  the  glass 
globe  withstood  the  explosion  of  10  grains  of  the  powder  fixed 
in  its  centre :  a  charge  I  have  twice  found  sufficient  to  destroy 
old  pistol  barrels,  which  were  not  injured  by  being  fired  when 
full  of  the  best  gunpowder.  It  also  appears,  from  the  last  expe- 
riment, that  10  grains  of  the  powder,  produced  by  ignition  four 
cubical  inches  only  of  air ;  and  it  is  not  to  be  supposed  that 
the  generation,  however  rapid,  of  four  cubical  inches  of  air,  will 
alone  account  for  the  described  force;  neither  can  it  be  accounted 
for  by  the  formation  of  a  little  water,  which,  as  will  hereafter 
be  shewn,  happens  at  the  same  moment :  the  quantity  formed 
from  10  grains  must  be  so  trifling,  that  I  cannot  ascribe  much 
force  to  the  expansion  of  its  vapour.  The  sudden  vaporization 
of  a  part  of  the  mercury,  seems  to  me  a  principal  cause  of  this 
immense  yet  limited  force;  because  its  limitation  may  then  be 
explained,  as  it  is  well  known  that  mercury  easily  parts  with 
caloric,  and  requires  a  temperature  of  600  degrees  of  Fahrenheit, 
to  be  maintained  in  the  vaporous  state.  That  the  mercury  is 
really  converted  into  vapour,  by  ignition  of  the  powder,  may  be 
inferred  from  the  thin  coat  of  divided  quicksilver,  which,  after 
the  explosion  in  the  glass  globe,  covered  its  interior  surface; 
and  likewise  from  the  quicksilver  with  which  a  tallow  candle, 
or  a  piece  of  gold,  may  be  evenly  coated,  by  being  held  at  a 
small  distance  from  the  inflamed  powder.  These  facts  certainly 
render  it  more  than  probable,  although  they  do  not  demonstrate, 
that  the  mercury  is  volatilized ;  because  it  is  not  unlikely  that 
many  mercurial  particles  are  mechanically  impelled  against  the 
surface  of  the  glass,  the  gold,  and  the  tallow. 
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As  to  the  force  of  dilated  mercury,  Mr.  Baume'  relates  a 
remarkable  instance  of  it,  as  follows. 

"  Un  alchymiste  se  presenta  a  Mr.  Geoffroy,  et  l'assura 
'*  qu'il  avoit  trouv6  le  moyen  de  fixer  le  mercure  par  une  opera- 
«« tion  fort  simple.  II  fit  construire  six  boites  rondes  en  fer  fort 
"  6pais,  qui  entroient  les  unes  dans  les  autres ;  la  derniere  £toit 
"  assujcttie  par  deux  cercles  de  fer  qui  se  croisoient  en  angles 
"  droits.  On  avoit  mis  quelques  livres  de  mercure  dans  la  capa- 
"  cit6  de  la  premiere:  on  mit  cet  appareil  dans  un  fourneau 
"  assez  rempli  de  charbon  pour  faire  rougir  a  blanc  les  boites 
"  de  fer ;  mais,  lorsque  la  chaleur  eut  p&ietre"  suffisamment  le 
44  mercure,  les  boites  creverent,  avec  une  telle  explosion  qu'il  se 
"  fit  un  bruit  £pouvantable :  des  morceaux  de  boites  furcnt 
"  lances  avec  tant  de  rapidity,  qu'il  y  en  eut  qui  passerent  au 
"  travers  de  deux  planchers ;  d'autres  firent  sur  la  muraille  des 
"  eflets  semblables  a  ceux  des  Eclats  de  bombes."* 

Had  the  alchemist  proposed  to  fix  water  by  the  same  appa- 
ratus, the  nest  of  boxes  must,  I  suppose,  have  likewise  been  rup- 
tured; yet  it  does  not  follow  that  the  explosion  would  have 
been  so  tremendous :  indeed  it  is  probable  that  it  would  not, 
for  if  (as  Mr.  Kirwan  remarked  to  me)  substances  which  have 
the  greatest  specific  gravity,  have  likewise  the  greatest  attraction 
of  cohesion,  the  supposition  that  the  vapour  of  mercury  exceeds 
in  expansive  force  the  vapour  of  water,  would  agree  with  a 
position  of  Sir  Isaac  Newton,  that  those  particles  recede  from 
one  another  with  the  greatest  force,  and  are  most  difficultly  brought 
together,  which  upon  contact  cohere  most  strongly. -f 

•  Cbymie  expirimentale  et  raisonnie,  Tom.  II.  p.  393.    Paris,  8°,  1773. 
f  Nswtok's  Optics,  p.  372,  4th  Ed.  Lond.  1730. 
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SECTION  IX. 

Before  I  attempt  to  investigate  the  constituent  principles  of 
this  powder,  it  will  be  proper  to  describe  the  process  and  mani- 
pulations which,  from  frequent  trials,  seem  to  me  best  calculated 
to  produce  it. 

100  grains,  or  a  greater  proportional  quantity,  of  quicksilver 
(not  exceeding 500  grains*)  are  to  be  dissolved,  with  heat,  in  a 
measured  ounce  and  a  half  of  nitric  acid.-f  This  solution  being 
poured  cold  upon  two  measured  ounces  of  alcohol.J  previously 
introduced  into  any  convenient  glass  vessel,  a  moderate  heat 
is  to  be  applied  until  an  effervescence  is  excited.  A  white 
fume  then  begins  to  undulate  on  the  surface  of  the  liquor ;  and 
the  powder  will  be  gradually  precipitated,  upon  the  cessation 
of  action  and  re-action.  The  precipitate  is  to  be  immediately 
collected  on  a  filter,  well  washed  with  distilled  water,  and 
carefully  dried  in  a  heat  not  much  exceeding  that  of  a  water 
bath.  The  immediate  edulcoration  of  the  powder  is  material, 
because  it  is  liable  to  the  re-action  of  the  nitric  acid;  and,  whilst 
any  of  that  acid  adheres  to  it,  it  is  very  subject  to  the  influence 
of  light.  Let  it  also  be  cautiously  remembered,  that  the  mer- 
curial solution  is  to  be  poured  upon  the  alcohol. 

I  have  recommended  quicksilver  to  be  used  in  preference  to 
an  oxide,  because  it  seems  to  answer  equally,  and  is  less  expen- 

•  The  reason  of  this  limitation  is  not  on  account  of  any  danger  attending  the  pro- 
cess ;  but  because  the  quantities  of  nitric  acid  and  alcohol  required  for  more  than  500 
grains,  would  excite  a  degree  of  heat  detrimental  to  the  preparation. 

f  Of  the  specific  gravity  of  about  1,3. 

X  Of  the  specific  gravity  of  about  ,849. 
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sive;  otherwise,  not  only  the  pure  red  oxide,  but  the  red  nitrous 
oxide,  and  turpeth,  may  be  substituted;  neither  does  it  seem 
essential  to  attend  to  the  precise  specific  gravity  of  the  acid,  or 
the  alcohol.  The  rectified  spirit  of  wine  and  the  nitrous  acid  of 
commerce,  never  failed,  with  me,  to  produce  a  fulminating 
mercury.  It  is  indeed  true,  that  the  powder  prepared  without 
attention,  is  produced  in  different  quantities,  varies  in  colour, 
and  probably  in  strength.  From  analogy,  I  am  disposed  to 
think  the  whitest  is  the  strongest;  for  it  is  well  known,  that  black 
precipitates  of  mercury  approach  the  nearest  to  the  metallic 
state.  The  variation  in  quantity  is  remarkable ;  the  smallest 
quantity  I  ever  obtained  from  100  grains  of  quicksilver  being 
1 20  grains,  and  the  largest  1 3*  grains.  Much  depends  on  very 
minute  circumstances.  The  greatest  product  seems  to  be  ob- 
tained, when  a  vessel  is  used  which  condenses  and  causes  most 
ether  to  return  into  the  mother  liquor ;  besides  which,  care  is  to 
be  had  in  applying  the  requisite  heat,  that  a  speedy,  and  not  a 
violent  action  be  effected.  100  grains  of  an  oxide  are  not  so 
productive  as  100  grains  of  quicksilver. 

As  to  the  colour,  it  seems  to  incline  to  black,  when  the  action 
of  the  acid  on  the  alcohol  is  most  violent,  and  vice  versa. 

section  x. 

I  need  not  observe,  that  the  gases  which  were  generated 
during  the  combustion  of  the  powder  in  the  glass  globe,  were 
necessarily  mixed  with  atmospheric  air ;  the  facility  wi  h  which 
the  electric  fluid  passes  through  a  vacuum,  made  such  a  mixture 
unavoidable. 

The  cubical  inch  of  gas  received  over  water  was  not  readily 
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absorbed  by  it :  and,  as  it  soon  extinguished  a  taper,  without 
becoming  red,  or  being  itself  inflamed,  barytes  water  was  let  up 
to  the  three  cubical  inches  received  over  mercury,  when  a  car- 
bonate of  barytes  was  immediately  precipitated. 

The  residue  of  several  ex  plosions  j  after  the  carbonic  acid 
had  been  separated,  was  found,  by  the  test  of  nitrous  gas,  to 
contain  nitrogen  or  azotic  gas;  which  does  not  proceed  from 
any  decomposition  of  atmospheric  air,  because  the  powder  may 
be  made  to  explode  under  the  exhausted  receiver  of  an  air- 
pump.  It  is  therefore  manifest,  that  the  gases  generated  during 
the  combustion  of  the  fulminating  mercury,  consist  of  carbonic 
acid  and  nitrogen  gases. 

SECTION  XI. 

The  principal  re-agents  which  decompose  the  mercurial 
powder,  are  the  nitric,  the  sulphuric,  and  the  muriatic  acids. 
The  nitric  changes  the  whole  into  nitrous  gas,  carbonic  acid 
gas,  acetous  acid,  and  nitrate  of  mercury.  I  resolved  it  into 
these  different  principles,  by  distilling  it  pneumatically  with 
nitric  acid :  this  acid,  upon  the  application  of  heat,  soon  dis- 
solved the  powder,  and  extricated  a  quantity  of  gas,  which  was 
found,  by  well  known  tests,  to  be  nitrous  gas  mixed  with  car- 
bonic acid  gas.  The  distillation  was  carried  on  until  gas  no 
longer  came  over.  The  liquor  of  the  retort  was  then  mixed 
with  the  liquor  collected  in  the  receiver,  and  the  whole  satu- 
rated with  potash;  which  precipitated  the  mercury  in  a  yellow- 
ish-brown powder,  nearly  as  it  would  have  done  from  a  solution 
of  nitrate  of  mercury.  This  precipitate  was  separated  by  a  filter, 
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and  the  filtrated  liquor  evaporated  to  a  dry  salt,  which  was 
washed  with  alcohol.  A  portion  of  the  salt  being  refused  by  this 
menstruum,  it  was  separated  by  filtration,  and  recognized,  by  all 
its  properties,  to  be  nitrate  of  potash.  The  alcoholic  liquor  was 
likewise  evaporated  to  a  dry  salt,  which,  upon  the  affusion  of  a 
little  concentrate  sulphuric  acid,  emitted  acetous  acid,  contami- 
nated with  a  feeble  smell  of  nitrous  acid,  owing  to  the  solubility 
of  a  small  portion  of  the  nitre  in  the  alcohol. 

SECTION  XII. 

The  sulphuric  acid  acts  upon  the  powder  in  a  remarkable 
manner,  as  already  has  been  noticed.  A  very  concentrate  acid 
produces  an  explosion  nearly  at  the  instant  of  contact,  on 
account,  I  presume,  of  the  sudden  and  copious  disengagement 
of  caloric  from  a  portion  of  the  powder  which  is  decomposed  by 
the  acid.  An  acid  somewhat  less  concentrate  likewise  extricates 
a  considerable  quantity  of  caloric,  with  a  good  deal  of  gas;  but, 
as  it  effects  a  complete  decomposition,  it  causes  no  explosion. 
An  acid  diluted  with  an  equal  quantity  of  water,  by  the  aid  of  a  . 
little  heat,  separates  the  gas  so  much  less  rapidly,  that  it  may 
with  safety  be  collected  in  a  pneumatic  apparatus.  But,  what- 
ever be  the  density  of  the  acid,  (provided  no  explosion  be  pro- 
duced, )  there  remains  in  the  sulphuric  liquor,  after  the  separation 
of  the  gas,  a  white  uninflammable  and  uncrystallized  powder, 
mixed  with  some  minute  globules  of  quicksilver. 

To  estimate  the  quantity,  and  observe  the  nature,  of  this  un- 
inflammable substance,  I  treated  100  grains  of  the  fulminating 
mercury  with  sulphuric  acid  a  little  diluted.  The  gas  being 
separated,  I  decanted  off  the  liquor  as  it  became  clear,  and  freed 
the  insoluble  powder  from  acid,  by  edulcoration  with  distilled 
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water;  after  which,  I  dried  it,  and  found  it  weighed  only  84,  grains ; 
consequently  had  lost  16  grains  of  its  original  weight.  Suspect- 
ing, from  the  operation  of  the  nitric  acid  in  the  former  experi- 
ment, that  these  84  grains  (with  the  exception  of  the  quicksilver 
globules)  were  oxalate  of  mercury,  I  digested  them  in  nitrate  of 
lime,  and  found  my  suspicion  just.  The  mercury  of  the  oxalate 
united  to  the  nitric  acid,  and  the  oxalic  acid  to  the  lime.  A  new 
insoluble  compound  was  formed ;  it  weighed,  when  washed  and 
dry,  48,5  grains.  Carbonate  of  potash  separated  the  lime,  and 
formed  oxalate  of  potash,  capable  of  precipitating  lime-water, 
and  muriate  of  lime ;  although  it  had  been  depurated  from 
excess  of  alkali,  and  from  carbonic  acid,  by  a  previous  addition 
of  acetous  acid.  That  the  mercury  of  the  oxalate  in  the  84 
grains,  had  united  to  the  nitric  acid  of  the  nitrate  of  lime,  was 
proved  by  dropping  muriatic  acid  into  the  liquor  from  which 
the  substance  demonstrated  to  be  oxalate  of  lime  had  been  sepa- 
rated ;  for  a  copious  precipitation  of  calomel  instantly  ensued. 

The  sulphuric  liquor,  decanted  from  the  oxalate  of  mercury, 
was  now  added  to  that  with  which  it  was  edulcorated,  and  the 
whole  saturated  with  carbonate  of  potash.  As  effervescence 
ceased,  a  cloudiness  and  precipitation  followed  ;  and  the  preci- 
pitate, being  collected,  washed,  and  dried,  weighed  3,4  grains : 
it  appeared  to  be  a  carbonate  of  mercury.  Upon  evaporating  a 
portion  of  the  saturated  sulphuric  liquor,  I  found  nothing  but 
sulphate  of  potash ;  nor  had  it  any  metallic  taste.  There  then 
remains,  without  allowing  for  the  weight  of  the  carbonic  acid 
united  to  the  3,4  grains,  a  deficit  from  the  ioo<grains  of  mercurial 
powder,  of  1 2,6  grains,  which  I  ascribe  to  the  gas  separated  by 
the  action  of  the  sulphuric  acid.  To  ascertain  the  quantity,  and 
examine  the  nature,  of  the  gas  so  separated,  I  introduced  into  a 
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very  small  tubulated  retort,  50  grains  of  the  mercurial  powder, 
and  poured  upon  it  3  drams,  by  measure,  of  sulphuric  acid, 
diluted  with  an  equal  quantity  of  water,  and  extricated  the  gas 
with  the  assistance  of  a  gentle  heat.  I  first  received  it  over 
quicksilver,  the  surface  of  which,  during  the  operation,  partially 
covered  itself  with  a  little  black  powder  * 

The  gas,  by  different  trials,  amounted  from  «8  to  31  cubical 
inches ;  it  at  first  appeared  to  be  nothing  but  carbonic  acid,  as 
it  precipitated  barytes  water,  and  extinguished  a  taper,  without 
being  itself  inflamed,  or  becoming  red.  But,  upon  letting  up  to 
it  liquid  caustic  ammoniac,  there  was  a  residue  of  from  5  to  7 
inches  of  a  peculiar  inflammable  gas,  which  burnt  with  a  green- 
ish blue  flame.  When  I  made  use  of  the  water-tub,  I  obtained, 
from  the  same  materials,  from  25  to  27  inches  only  of  gas, 
although  the  average  quantity  of  the  peculiar  inflammable  gas 
was  likewise  from  5  to  7  inches ;  therefore,  the  difference  of  the 
aggregate  product,  over  the  two  fluids,  must  have  arisen  from 
the  absorption,  by  the  water,  of  a  part  of  the  carbonic  acid  in  its 
nascent  state.  The  variation  of  the  quantity  of  the  inflammable 
gas,  when  powder  from  the  same  parcel  is  used,  seems  to  de- 
pend upon  the  acid  being  a  little  more  or  less  dilute. 

With  respect  to  the  nature  of  the  peculiar  inflammable  gas, 
it  is  plain  to  me,  from  the  reasons  I  shall  immediately  adduce, 
that  it  is  no  other  than  the  gas  (in  a  pure  state)  into  which 
the  nitrous  etherized  gas  can  be  resolved,  by  treatment  with 
dilute  sulphuric  acid. 

The  Dutch  chemists  have  shewn,+  that  the  nitrous  etherized 
gas  can  be  resolved  into  nitrous  gas,  by  exposure  to  concentrate 

•  I  cannot  account  for  this  appearance. 

t  Journal  it  Physique,  p.  250,  October,  1794. 
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sulphuric  acid,  and  that,  by  using  a  dilute  instead  of  a  concen- 
trate acid,  a  gas  is  obtained  which  enlarges  the  flame  of  a 
burning  taper,  so  much  like  the  gaseous  oxide  of  azote,  that 
they  mistook  it  for  that  substance,  until  they  discovered  that  it 
was  permanent  over  water,  refused  to  detonate  with  hydrogen, 
and  that  the  fallacious  appearance  was  owing  to  a  mixture  of 
nitrous  gas  with  an  inflammable  gas. 

The  inflammable  gas  separated  from  the  powder  answers  to 
the  description  of  the  gas  which  at  first  deceived  the  Dutch 
chemists;  ist,  in  being  permanent  over  water;  2dly,  refusing 
to  detonate  with  hydrogen;  and,  3dly,  having  the  appearance 
of  the  gaseous  oxide  of  azote,  when  mixed  with  nitrous  gas. 

The  gas  separable  by  the  same  acid,  from  nitrous  etherized 
gas,  and  from  the  mercurial  powder,  have  therefore  the  same 
properties.  Every  chemist  would  thence  conclude,  that  the 
nitrous  etherized  gas  is  a  constituent  part  of  the  powder,  had 
the  inflammable  and  nitrous  gas,  instead  of  the  inflammable  and 
carbonic  acid  gas,  been  the  mixed  product  extricated  from  it 
by  dilute  sulphuric  acid. 

It  however  appears  to  me,  that  nitrous  gas  was  really  pro- 
duced by  the  action  of  the  dilute  sulphuric  acid;  and  that, 
when  produced,  it  united  to  an  excess  of  oxygen  present  in  the 
oxalate  of  mercury. 

To  explain  how  this  change  might  happen,  I  must  premise, 
that  my  experiments  have  shewn  me,  that  oxalate  of  mercury 
can  exist  in  two,  if  not  in  three  states. 

ist,  By  the  discovery  of  Mr.  Ameilon  already  quoted,  the 
precipitate  obtained  by  oxalic  acid,  from  nitrate  of  mercury,  fuses 
with  a  hissing  noise.  This  precipitate  is  an  oxalate  of  mercury, 
seemingly  with  excess  of  oxygen.   Mercury  dissolved  in  sul- 
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phuric  acid  and  precipitated  by  oxalic  acid,  and  also  the  pure  red 
oxide  of  mercury  digested  with  oxalic  acid,  give  oxalates  in  the 
same  state. 

2dly.  Acetate  of  mercury  precipitated  by  oxalic  acid,  although 
a  true  oxalate  is  formed,  has  no  kind  of  inflammability.  I  con- 
sider it  as  an  oxalate  with  less  oxygen  than  those  abovemen- 
tioned. 

3<ily.  A  solution  of  nitrate  of  mercury  boiled  with  dulcified 
spirit  of  nitre,  gives  an  oxalate  more  inflammable  than  any  other: 
perhaps  it  contains  most  oxygen. 

The  oxalate  of  mercury  remaining  from  the  powder  in  the 
sulphuric  liquor,  is  not  only  always  in  the  same  state  as  that 
precipitated  from  acetate  of  mercury,  entirely  devoid  of  inflam- 
mability, but  contains  globules  of  quicksilver;  consequently,  it 
must  have  parted  with  even  more  than  its  excess  of  oxygen; 
and,  if  nitrous  gas  was  present,  it  would  of  course  seize  at  least 
a  portion  of  that  oxygen.  It  is  true,  that  globules  of  quicksilver 
may  seem  incompatible  with  nitrous  acid  ;  but  the  quantity  of 
the  one  may  not  correspond  with  that  of  the  other,  or  the  dilu- 
tion of  the  acid  may  destroy  its  action. 

As  to  the  presence-  of  the  carbonic  acid,  it  must  have  arisen 
either  from  a  complete*  decomposition  of  a  part  of  the  oxalate; 
or,  admitting  the  nitrous  etherized  gas  to  be  a  constituent  prin- 
ciple of  the  powder,  from  a  portion  of  the  oxygen,  not  taken  up 
by  the  nitrous  gas,  being  united  with  the  carbon  of  the  etherized 
gas. 

SECTION  XIII. 

The  muriatic  acid  digested  with  the  mercurial  powder,  dis- 

*  Inflammable  oxalate  of  mercury,  made  to  fuse  in  a  retort  connected  with  the 
quicksilver  tub,  gives  out  carbonic  acid  gas. 
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solves  a  portion  of  it,  without  extricating  any  notable  quantity 
of  gas.  The  dissolution  evaporated  to  a  dry  salt,  tastes  like  cor- 
rosive sublimate ;  and  the  portion  which  the  acid  does  not  take 
up,  is  left  in  the  state  of  an  uninflammable  oxalate, 

SECTION  xiv. 

These  effects  all  tend  to  establish  the  existence  of  the  nitrous 
etherized  gas,  as  a  constituent  part  of  the  powder;  and  likewise 
corroborate  the  explanation  I  have  ventured  to  give,  of  the 
action  of  the  sulphuric  acid.  Moreover,  a  measured  ounce  and 
a  half  of  nitrous  acid,  holding  100  grains  of  mercury  in  solu- 
tion, and  2  measured  ounces  of  alcohol,  yield  90  cubical  inches 
only  of  gas  :  whereas,  without  the  intervention  of  mercury,  they 
yield  a  10  inches.  Upon  the  whole,  I  trust  it  will  be  thought 
reasonable  to  conclude,  that  the  mercurial  powder  is  composed 
of  the  nitrous  etherized  gas,  and  of  oxalate  of  mercury  with 
excess  of  oxygen. 

1st.  Because  the  nitric  acid  converts  the  mercurial  powder 
entirely  into  nitrous  gas,  carbonic  acid  gas,  acetous  acid,  and 
nitrate  of  mercury. 

sdly.  Because  the  dilute  sulphuric  acid  resolves  it  into  an  un- 
inflammable oxalate  of  mercury,  and  separates  from  it  a  gas 
resembling  that  into  which  the  same  acid  resolves  the  nitrous 
etherized  gas. 

3dly.  Because  an  uninflammable  oxalate  is  likewise  left,  after 
the  muriatic  acid  has  converted  a  part  of  it  into  sublimate. 

4thly.  Because  it  cannot  be  formed  by  boiling  nitrate  of 
mercury  in  dulcified  spirit  of  nitre;  although  a  very  inflam- 
mable oxalate  is  by  this  means  produced. 

5thly.  Because  the  difference  of  the  product  of  gas,  from  the 
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same  measures  of  alcohol  and  nitrous  acid,  with  and  without 
mercury  in  solution,  is  not  trifling  ;  and, 

6thly.  Because  nitrogen  gas  was  generated  during  its  com- 
bustion in  the  glass  globe. 

Should  my  conclusions  be  thought  warranted  by  the  reasons 
I  have  adduced,  the  theory  of  the  combustion  of  the  mercurial 
powder  will  be  obvious  to  every  chemist.  The  hydrogen  of  the 
oxalic  acid,  and  of  the  etherized  gas,  is  first  united  to  the  oxy- 
gen of  the  oxalate,  forming  water;*  the  carbon  is  saturated  with 
oxygen,  forming  carbonic  acid  gas;  and  a  part,  if  not  the 
whole  of  the  nitrogen  of  the  etherized  gas,  is  separated  in  the 
state  of  nitrogen  gas  ;  both  which  last  gases,  it  may  be  recol- 
lected, were  after  the  explosion  present  in  the  glass  globe.  The 
mercury  is  revived,  and,  I  presume,  thrown  into  vapour ;  as 
may  well  be  imagined,  from  the  immense  quantity  of  caloric 
extricated,  by  adding  concentrate  sulphuric  acid  to  the  mercurial 
powder. 

I  will  not  venture  to  state  with*  accuracy,  in  what  proportions 
its  constituent  principles  are  combined.  The  affinities  I  have 
brought  into  play  are  complicated,  and  the  constitution  of  the 
substances  I  have  to  deal  with  not  fully  known.  But,  to  make 
round  numbers,  I  will  resume  the  statement,  that  100  grains 
of  <the  mercurial  powder  lost  16  grains  of  its  original  weight, 
by  treatment  with  dilute  sulphuric  acid :  84  grains  of  mercurial 
oxalate,  mixed  with  a  few  minute  globules  of  quicksilver,  re- 
mained undissolved  in  the  acid.  The  sulphuric  liquor  was  satu- 
rated with  carbonate  of  potash,  and  yielded  3,4  grains  of  car- 
bonate of  mercury.    If  1,4  grain  should  be  thought  a  proper 

•  Drops  of  water  were  observed  on  the  internal  surface  of  the  globe,  the  day  after  ■ 
several  explosions  had  been  produced  in  its  centre. 
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allowance  for  the  weight  of  carbonic  acid  in  the  3,4  grains,  I  will 
make  that  deduction,  and  add  the  remaining  2  grains  to  the  84 
grains  of  mercurial  oxalate  and  quicksilver ;  I  shall  then  have, 
of  oxalate  and  mercury       -  -  86  grains 

and  a  deficit,  to  be  ascribed  to  the  nitrous 
etherized  gas  and  excess  of  oxygen       -       -  14 

100 

It  may  perhaps  be  proper  to  proceed  still  further,  and  recur 
to  the  48,5  grains,  separated  by  nitrate  of  lime  from  the  84 
grains  of  mercurial  oxalate  and  globules  of  quicksilver,  in  the 
11th  section.  These  48,5  grains  were  proved  to  be  chiefly  oxa- 
late of  lime;  but  they  likewise  contained  a  minute  inseparable 
quantity  of  mercury,  almost  in  the  state  of  quicksilver,  formerly 
part  of  the  84  grains  from  which  they  were  separated.  Had  the 
48,5  grains  been  pure  calcareous  oxalate,  the  quantity  of  pure 
oxalic  acid  in  them  would,  according  to  Bergmann,*  be  23,28 
grains.  Hence,  by  omitting  the  2  grains  of  mercury  in  the  3,4 
grains  of  carbonate,  100  grains  of  the  mercurial  powder  might 
have  been  said  to  contain,  of  pure  oxalic  acid  23,28  grains ;  of 
mercury  62,72  grains ;  and  of  nitrous  etherized  gas  and  excess 
of  oxygen  14  grains.  But,  as  the  48,5  grains  were  not  pure  oxa- 
late, inasmuch  as  they  contained  the  mercury  they  received  from 
the  84  grains,  from  which  they  were  generated  by  the  nitrate 
of  lime,  some  allowance  must  be  made  for  the  mercury  succes-  , 
sively  intermixed  with  the  84  grains  and  the  48,5  grains. 

In  order  to  make  corresponding  numbers,  and  allow  for 
unavoidable  errors,  I  shall  estimate  the  quantity  of  that  mercury 
to  have  amounted  to  2  grains,  which  I  must  of  course  deduct 

•  Bergmann,  de  Acido  SaccburL  Oyuscula.  Tom.  L  $  6.  p.  248.  Leipzig,  1788. 
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from  the  23,28  grains  of  oxalic  acid.  I  shall  then  have  the  fol- 
lowing statement : 

That  100  grains  of  the  fulminating  mercury  ought  to  contain, 
of  pure  oxalic  acid      -         -        -         -    2 1,28  grains, 
of  mercury  formerly  united  to  the  oxalic  acid  60,72 
of  mercury  dissolved  in  the  sulphuric  liquor  2 
and  of  mercury  left  in  the  sulphuric  liquor 

after  the  separation  of  the  gases  -  2 

Total  of  mercury      -      -     64,72  • 
Of  nitrous  etherized  gas  and  excess  of  oxygen  14, 

100. 

Since  100  grains  of  the  powder  seem  to  contain  64,72  grains  of 
mercury,  it  will  be  immediately  inquired,  what  becomes  of  100 
grains  of  quicksilver,  when  treated  as  directed,  in  the  descrip- 
tion of  the  process  for  preparing  the  fulminating  mercury. 

It  has  been  stated  (in  section  9.)  that  100  grains  of  quick- 
silver produce,  under  different  circumstances,  from  120  to  132 
grains  of  mercurial  powder;  and,  if  ico  grains  of  this  powder 
contain  64,72  grains,  120  grains,  or  132  grains  must,  by  parity  of 
reasoning,  contain  78,06  grains,  or  85,47  grains;  therefore, 
18>34?  grains,  or  20,75  grains,  more  of  the  100  grains  are  imme- 
diately accounted  for;  because  64,72  grains  -f  13,34  grains  = 
78,06,  and  64,72  grains  -f  20,75  grains  =  85,47  grains.  The 
remaining  deficiency  of  21,94  grains,  or  14,53  grains,  which,  with 
the  78,06  grains,  or  85,47  grains>  would  complete  the  original 
100,  of  quicksilver,  remains  partly  in  the  liquor  from  which  the 
powder  is  separated,  and  is  partly  volatilized  in  the  white' dense 
fumes,  which  in  the  beginning  of  this  paper  I  compared  to  the 
liquor  jumans  of  Libavius.    The  mercury  cannot,  in  either 
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instance,  be  obtained  in  a  form  immediately  indicative  of  its 
quantity ;  and  a  series  of  experiments  to  ascertain  the  quan- 
tities in  which  many  different  substances  can  combine  with 
mercury,  is  not  my  present  object.  After  observing,  that  the 
mercury  left  in  the  residuary  liquor  can  be  precipitated  in  a  very 
subtle  dark  powder,  by  carbonate  of  potash,  I  shall  content 
myself  with  examining  the  nature  of  the  white  fumes. 

-   SECTION  xv. 

,   ,    •  ■  »•  ♦  ►  . 

It  is  clear  that  these  white  fumes  contain  mercury :  they 
may  be  wholly  condensed  in  a  range  of  Woulfe's  apparatus, 
charged  with  a  solution  of  muriate  of  ammoniac.  When  the 
operation  is  over,  a  white  powder  is  seen  floating  with  ether 
on  the  saline  liquor,  which,  if  the  bottles  are  agitated,  is 
entirely  dissolved.  After  the  mixture  has  been  boiled,  or  for 
some  time  exposed  to  the  atmosphere,  it  yields  to  caustic  ammo- 
niac a  precipitate,  in  all  respects  similar  to  that  which  is  sepa- 
rated by  caustic  ammoniac  from  corrosive  sublimate. 

I  would  infer  from  these  facts,  that  the  white  dense  fumes 
consist  of  mercury,  or  perhaps  oxide  of  mercury,  united  to  the 
nitrous  etherized  gas;  and  that,  when  the  muriate  of  ammoniac 
containing  them  is  exposed  to  the  atmosphere,  or  is  boiled,  the 
gas  separates  from  the  mercury;  and  the  excess  of  nitrous  acid, 
which  always  comes  over  with  nitrous  ether,  decomposes  the 
ammoniacal  muriate,  and  forms  corrosive  mercurial  muriate  or 
sublimate.  This  theory  is  corroborated,  by  comparing  the  quan- 
tity of  gas  estimated  to  be  contained  in  the  fulminating  mercury,  . 
with  the  quantities  of  gas  yielded  from  alcohol  and  nitrous  acid, 
with  and  without  mercury  in  solution;  not  to  mention  that 
more  ether,  as  well  as  more  gas,  is  produced  without  the  inter- 
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vention  of  mercury ;  and  that,  according  to  the  Dutch  chemists, 
the  product  of  ether,  is  always  in  the  inverse  ratio  to  the  pro- 
duct of  nitrous  etherized  gas.  Should  a  further  proof  be  thought 
necessary,  of  the  existence  of  the  nitrous  etherized  gas  in  the 
fulminating  mercury,  as  well  as  in  the  white  dense  fumes,  it 
may  be  added,  that  if  a  mixture  of  alcohol  and  nitrous  aeid 
holding  mercury  in  solution,  be  so  dilute,  and  exposed  to  a 
temperature  so  low,  that  neither  ether  nor  nitrous  etherized  gas 
are  produced,  the  fulminating  mercury,  or  the  white  fumes,  will 
never  be  generated :  for,  under  such  circumstances,  the  mer- 
cury is  precipitated  chiefly  in  the  state  of  an  inflammable  oxalate. 
Further,  when  we  consider  the  different  substances  formed  by 
an  union  of  nitrous  acid  and  alcohol,  we  are  so  far  acquainted 
with  all,  except  the  ether  and  the  nitrous  etherized  gas,  as  to 
create  a  presumption,  that  no  others  are  capable  of  volatilizing 
mercury,  at  the  very  low  temperature  in  which  the  white  fumes 
exist,  since  during  some  minutes  they  are  permanent  over  water 
of  400  Fahrenheit. 

section  XVI. 

Hitherto,  as  much  only  has  been  said  of  the  gas  which  is 
separated  from  the  mercurial  powder  by  dilute  sulphuric  acid, 
as  was  necessary  to  identify  it  with  that  into  which  the  same 
acid  can  resolve  the  nitrous  etherized  gas;  1  have  further  to 
speak  of  its  peculiarity  * 

*  It  must  be  first  noticed,  that  it  it  never  pure  when  obtained  from  the  nitrous 
etherized  gas;  nor  am  I  aware  how  it  is  to  be  purified,  unless  the  nitrous  gas  could  be 
takes  from  it,  without  being  converted  into  nitrous  acid ;  for,  by  that  acid,  it  would 
probably  be  itteif  converted  into  nitrous  gas. 
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The  characteristic  properties  of  the  inflammable  gas,  seem 
to  me  to  be  the  following : 

ist.  It  does  not  diminish  in  volume,  either  with  oxygen  or 
nitrous  gas. 

sdly.  It  will  not  explode  with  oxygen  by  the  electric  shock, 
in  a  close  vessel. 

3dly.  It  burns  like  hydrocarbonate,  but  with  a  bluish  green 
flame.  And, 

4thly.  It  is  permanent  over  water.  (Section  12.) 

It  is  of  course  either  not  formed,  or  is  convertible  into  nitrous 
gas,  by  the  concentrate  nitric  and  muriatic  acids;  because, 
by  those  acids,  no  inflammable  gas  was  extricated  from  the 
powder. 

Should  this  inflammable  gas  prove  not  to  be  a  hydrocar- 
bonate, I  shall  be  disposed  to  conclude,  that  it  has  nitrogen  for 
its  basis;  indeed,  I  am  at  this  moment  inclined  to  that  opi- 
nion, because  I  find  that  Dr.  Priestley,  during  his  experiments 
on  his  dephlogisticated  nitrous  air,  once  produced  a  gas  which 
seems  to  have  resembled  this  inflammable  gas,  both  in  the  mode 
of  burning,  and  in  the  colour  of  the  flame. 

After  the  termination  of  the  common  solution  of  iron  in 
spirit  of  nitre,  he  used  heat,  and  got,  says  he*  "  such  a  kind 
"  of  air  as  I  had  brought  nitrous  air  to  be,  by  exposing  it  to 
"  iron,  or  liver  of  sulphur;  for,  on  the  first  trial,  a  candle 
."  burned  in  it  with  a  much  enlarged  flame.  At  another  time, 
"  the  application  of  a  candle  to  air  produced  in  this  manner, 
"  was  attended  with  a  real  though  not  a  loud  explosion ;  and, 
"  immediately  after  this,  a  greenish  coloured  flame  descended 
"from  the  top  to  the  bottom  of  the  vessel  in  which  the  air  was. 

•  Pmijtlhy  on  Air,  Vol.  II.  p.  58.  Birmingham.  1790. 
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*•  contained.  In  the  next  produce  of  air,  from  the  same  process, 
«  the  fame  descended  blue  and  very  rapid,  from  the  top  to  the 
•«  bottom  of  the  vessel." 

These  greenish  and  blue  coloured  flames,  descending  from 
the  top  to  the  bottom  of  the  vessel,  are  precisely  descriptive  of 
the  inflammable  gas  separated  from  the  powder.  If  it  can  be 
produced  with  certainty  by  the  repetition  of  Dr.  Priestley's 
experiments,  or  should  it  by  any  means  be  got  pure  from  the 
nitrous  etherized  gas,  my  curiosity  will  excite  me  to  make  it 
the  object  of  future  research ;  otherwise,  I  must  confess,  I  shall 
feel  more  disposed  to  prosecute  other  chemical  subjects :  for, 
having  reason  to  think  that  the  density  of  the  acid  made  a  varia- 
tion in  the  product  of  this  gas,  and  having  never  found  that  any 
acid,  however  dense,  produced  an  immediate  explosion,  I  cnce 
poured  6  drams  of  concentrate  acid  upon  50  grains  of  the 
powder.  An  explosion,  nearly  at  the  instant  of  contact,  was 
effected :  I  was  wounded  severely,  and  most  of  my  apparatus 
destroyed.  A  quantity  moreover  of  the  gas  I  had  previously 
prepared,  was  lost  by  the  inadvertency  of  a  person  who  went 
into  my  laboratory,  whilst  I  was  confined  by  the  consequences 
of  this  discouraging  accident.  But,  should  any  one  be  desirous 
of  giving  the  gas  a  further  examination,  I  again  repeat,  that  as 
far  as  I  am  enabled  to  judge,  it  may  with  safety  be  prepared, 
by  pouring  3  drams  of  sulphuric  acid  diluted  with  the  same 
quantity  of  water,  upon  50  grains  of  the  powder,  and  then 
applying  the  flame  of  a  candle  until  gas  begins  to  be  extricated. 
The  only  attempt  I  have  made  to  decompose  it,  was  by  ex- 
posing it  to  copper  and  ammoniac;  which,  during  several  weeks, 
did  not  effect  the  least  alteration. 
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SECTION  XVII. 

I  will  now  conclude,  by  observing,  that  the  fulminating  mer- 
cury seems  to  be  characterised  by  the  following  properties. 

It  takes  fire  at  the  temperature  of  368  Fahrenheit;  explodes 
by  friction,*  by  flint  and  steel,  and  by  being  thrown  into  con- 
centrate sulphuric  acid.  It  is  equally  inflammable  under  the 
exhausted  receiver  of  an  air-pump,  as  surrounded  by  atmo- 
spheric air ;  and  it  detonates  loudly,  both  by  the  blow  of  a 
hammer,  and  by  a  strong  electrical  shock. 

Notwithstanding  the  composition  of  fulminating  silver,  and 
of  fulminating  gold,  differ  essentially  from  that  of  fulminating 
mercury,  all  three  have  some  similar  qualities.  In  tremendous 
effects,  silver  undoubtedly  stands  first,  and  gold  perhaps  the 
last.  The  effects  of  the  mercurial  powder  and  of  gunpowder, 
admit  of  little  comparison.  The  one  exerts,  within  certain  limits, 
an  almost  inconceivable  force :  its  agents  seem  to  be  gas  and 
caloric,  very  suddenly  set  at  liberty,  and  both  mercury  and  water 
thrown  into  vapour.  The  other  displays  a  more  extended  but 
inferior  power:  gas  and  caloric  are,  comparatively  speaking, 
liberated  by  degrees;  and  water,  according  to  Count  Rumford, 
is  thrown  into  vapour.f 

Hence  it  seems,  that  the  fulminating  mercury,  from  the  limi- 
tation of  its  sphere  of  action,  can  seldom  if  ever  be  applied  to 
mining;  and,  from  the  immensity  of  its  initial  force,  cannot  be 

•  Consequently  it  should  not  be  inclosed  in  a  bottle  with  a  glass  stopper. 

f  See  Philosophical  Transactions,  for  the  year  1797,  p.  22a. 

The  hard  black  substance  mentioned  by  the  Count,  as  remaining  after  the  com- 
bustion of  gunpowder,  must,  I  believe,  hare  been  an  alkaline  sulpburer,  mixed  chieHy 
with  sulphite  and  carbonate  of  potash.  The  conjecture  that  it  is  white  when  first 
formed,  is  certainly  just,  as  my  experiment  with  the  glass  globe  evinced. 
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used  in  fire-anus,  unless  in  cases  where  it  becomes  an  object  to 
destroy  them ;  perhaps,  where  it  is  the  practice  to  spike  cannon, 
it  may  be  of  service,  because,  I  apprehend,  it  may  be  used  in 
such  a  manner  as  to  burst  cannon,  without  dispersing  any 
splinters. 

The  inflammation  of  fulminating  mercury  by  concussion, 
offers  nothing  more  novel  or  remarkable,  than  the  inflammation, 
by  concussion,  of  many  other  substances.  The  theory  of  such 
inflammations  has  been  long  since  exposed  by  the  celebrated 
Mr.  Berthollet,  and  confirmed  by  Messieurs  Fourcroy  and 
Vauquelin  :  yet,  I  must  confess,  I  am  at  a  loss  to  understand, 
why  a  small  quantity  of  mercurial  powder  made  to  detonate 
by  the  hammer,  or  the  electric  shock,  should  produce  a  report 
so  much  louder  than  when  it  is  inflamed  by  a  match,  or  by 
flint  and  steel.  It  might  at  first  be  imagined,  that  the  loudness 
of  the  report  could  be  accounted  for,  by  supposing  the  instant 
of  the  inflammation,  and  that  of  the  powder's  confinement  be- 
tween the  hammer  and  anvil,  to  be  precisely  the  same ;  but, 
when  the  electrical  shock  is  sent  through  or  over  a  few  grains 
of  the  powder,  merely  laid  on  ivory,  and  a  loud  report  is  the 
consequence,  I  can  form  no  idea  of  what  causes  such  a  report. 

The  operation  by  which  the  powder  is  prepared,  is  perhaps 
one  of  the  most  beautiful  and  surprising  in  chemistry ;  and  it 
is  not  a  little  interesting  to  consider  the  affinities  which  are 
brought  into  play.  The  superabundant  nitrous  acid  of  the  mer- 
curial solution,  must  first  act  on  the  alcohol,  and  generate  ether, 
nitrous  etherized  gas,  and  oxalic  acid.  The  mercury  unites  to 
the  two  last  in  their  nascent  state,  and  relinquishes  fresh  nitrous 
acid,  to  act  upon  any  unaltered  alcohol.  The  oxalic  acid,  al- 
though a  predisposing  affinity  seems  exerted  in  favour  of  its 
quantity,  is  evidently  not  formed  fast  enough  to  retain  all  the 
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mercury;  otherwise,  no  white  fumes,  during  a  considerable 
period  of  the  operation,  but  fulminating  mercury  alone,  would 
be  produced. 

Should  any  doubt  still  be  entertained  of  the  existence  of  the  affi- 
nities which  have  been  called  predisposing  or  conspiring,  a  proof 
that  such  affinities  really  exist,  will  I  think  be  afforded,  by  com- 
paring the  quantity  of  oxalic  acid  which  can  be  generated  from 
given  measures  of  nitrous  acid  and  alcohol,  with  the  interven- 
tion of  mercury,  and  the  intervention  of  other  metals.  For 
instance,  when  two  measured  ounces  of  alcohol  are  treated  with 
a  solution  of  1  oo  grains  of  nickel  in  a  measured  ounce  and  a 
half  of  nitrous  acid,  little  or  no  precipitate  is  produced;  yet,  by 
the  addition  of  oxalic  acid  to  the  residuary  liquor,  a  quantity  of 
oxalate  of  nickel,  after  some  repose,  is  deposited.  Copper  affords 
another  illustration  :  100  grains  of  copper,  dissolved  ima  mea- 
sured ounce  and  a  half  of  nitrous  acid,  and  treated  with  alcohol, 
yielded  me  about  18  grains  only  of  oxalate;  although  cupreous 
oxalate  was  plentifully  generated,  by  dropping  oxalic  acid  into 
the  residuary  liquor.  About  21  grains  of  pure  oxalic  acid  seem 
to  be  produced,  from  the  same  materials,  when  100  grains  of 
mercury  are  interposed.  (See  section  14. )  Besides,  according  to 
the  Dutch  paper,  more  than  once  referred  to,  acetous  acid  is  the 
principal  residue  after  the  preparation  of  nitrous  ether.  How  can 
we  explain  the  formation  of  a  greater  quantity  of  oxalic  acid, 
from  the  same  materials,  with  the  intervention  of  100  grains  of 
mercury,  than  with  the  intervention  of  100  grains  of  copper, 
otherwise  than  by  the  notion  of  conspiring  affinities,  so  analo- 
gous to  what  we  see  in  other  phenomena  of  nature  ? 

I  have  attempted,  without  success,  to  communicate  ful- 
minating properties,  by  means  of  alcohol,  to  gold,  platina, 
antimony,  tin,  copper,  iron,  lead,  zinc,  nickel,  bismuth,  cobalt, 
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arsenic,  and  manganese;  but  I  have  not  yet  sufficiently  varied 
my  experiments,  to  enable  me  to  speak  with  absolute  certainty. 
Silver,  when  30  grains  of  it  were  treated  with  nearly  the  same 
proportions  of  nitrous  acid  and  alcohol  as  100  grains  of  mercury, 
yielded,  at  the  end  of  the  operation,  about  3  grains  of  a  gray 
precipitate,  which  fulminated  with  extreme  violence.  Mr. 
Cruickshank  had  the  goodness  to  repeat  the  experiment :  he 
dissolved  40  grains  of  silver  in  2  ounces  of  the  strongest  nitrous 
acid  diluted  with  an  equal  quantity  of  water,  and  obtained  (by 
means  of  2  ounces  of  alcohol)  60  grains  of  a  very  white  powder, 
which  fulminated  like  the  gray  precipitate  above  described.  It 
probably  combines  with  the  same  principles  as  the  mercury,  and 
of  course  differs  from  Mr.  Berthollet's  fulminating  silver, 
alluded  to  in  page  230.  I  observe,  that  a  white  precipitate  is 
always  produced  in  the  first  instance,  and  that  it  may  be  pre- 
served, by  adding  water,  as  soon  as  it  is  formed ;  otherwise,  when 
the  mother  liquor  is  abundant,  it  often  becomes  gray,  and  is 
re-dissolved. 

P.  S.  Since  the  preceding  pages  were  written,  I  have  been 
permitted,  by  the  Right  Honourable  Lord  Howe,  Lieutenant 
General  of  the  Ordnance,  to  make  the  following  trials  of  the 
mercurial  powder,  at  Woolwich,  in  conjunction  with  Colonel 
Blomefield,  and  Mr.  Cruickshank.* 

Experiment  1 .  From  the  manner  in  which  the  screw  of  the  gun- 
breech,  mentioned  in  Section  v.  had  acted  on  the  barrel,  it  was 
imagined,  that  by  bursting  an  iron  case,  exactly  fitted  to  the 
bore  of  a  cannon,  its  sudden  enlargement  might  make  many 
flaws,  and  split  the  piece,  without  dispersing  any  splinters.  In 

•  It  is  with  pleasure  I  take  this  opportunity  of  acknowledging  the  civil  attention  I 
received  from  the  different  officers. 

MDCCC  H  h 


Digitized  by  Google 


234     Mr.  E.  Howard  on  a  new  fulminating  Mercury. 

conformity  to  this  opinion,  a  cast  iron  case  was  constructed, 
with  a  cylindrical  chamber,  of  equal  length  and  diameter,  calcu- 
lated to  hold  3£th  ounces  troy  of  the  mercurial  powder.  The 
case,  being  firmly  screwed  together,  was  charged  through  its 
vent-hole,  and  introduced  into  a  twelve-pounder  carronade,  the 
bore  of  which  it  exactly  fitted.  The  powder  was  then  enflamed, 
with  proper  precautions.  The  gun  remained  entire,  but  the  case 
divided :  the  portion  forming  the  upper  surface  of  the  chamber, 
was  expelled  in  one  mass ;  that  adjoining  the  breech,  which  con- 
stituted the  rest  of  the  chamber,  was  cracked  in  every  direction, 
and  in  part  crumbled ;  yet  it  was  so  wedged  into  some  inden- 
tations which  the  explosion  had  made  in  the  sides  of  the  piece, 
that  the  fragments  were  not  removed  without  great  labour. 

Exp.  2.  Another  cast  iron  case  was  prepared,  of  the  same  size 
as  the  former,  with  a  chamber  also  cylindrical,  but  wrought  in  a 
transverse  direction,  and  of  a  greater  length  than  diameter ;  the 
thickness  of  metal  at  each  extremity  not  being  more  than  a 
quarter  of  an  inch.  This  case  was  filled  with  nearly  5  ounces 
troy  of  the  mercurial  powder,  and  placed  in  the  same  carronade. 
Three  twelve-pound  shot  were  next  introduced,  and  brought  into 
close  contact  with  the  upper  surface  of  the  case,  as  well  as  with 
each  other.  The  gun' a  second  time  withstood  the  explosion  : 
the  case  was  divided  across  the  middle  of  the  chamber,  into  two 
equal  parts  j  that  adjoining  the  breech  was,  as  in  the  former 
experiment,  much  flawed,  and  left  immoveable ;  that  nearest  to 
the  muzzle  was  also  much  flawed,  but  driven  out  with  the  shot. 
All  the  three  shot  were  broken ;  the  two  lower  being  divided  into 
several  pieces,  and  the  upper  one  cracked  through  the  centre. 

The  report  was  so  feeble,  in  both  experiments,  that  an  in- 
attentive person,  I  am  confident,  would  not  have  heard  it  at  the 
distance  of  two  hundred  yards. 
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Exp.  3.  It  was  found  so  difficult  to  extract  the  fragments  of  the 
case  remaining  in  the  carronade,  after  the  last  experiment,  that  a 
channel  was  drilled  through  them,  to  the  vent-hole  of  the  piece. 
It  was  then  charged  with  6  ounces  troy  of  the  mercurial  powder, 
made  up  as  a  cartridge,  which  did  not  occupy  above  one  half  of 
the  diameter  of  the  bore.  A  wad  was  placed  over  the  powder, 
dry  sand  superadded,  to  fill  all  vacuities,  and  the  gun  filled  to 
the  muzzle  with  two  twelve-pound  shot.  A  block  of  wood  was 
set  at  a  small  distance,  to  receive  the  impression  of  the  shot, 
and  the  powder  was  inflamed  as  usual.  The  carronade  still 
resisted.   One  of  the  shot  was  split  into  two  pieces;  and  the 
block  of  wood  was  driven  to  a  considerable  distance,  but  not 
penetrated  by  the  shot  above  the  depth  of  one  inch.  ,  The 
report  was  somewhat  louder  than  the  former  ones.   In  all 
three  instances,  a  considerable  recoil  evidently  took  place.  I 
presume,  therefore,  that  in  the  first  experiment  related  in  the 
fifth  Section,  there  must  have  been  a  recoil,  though  too  trifling 
to  be  observed ;  and,  in  the  instances  where  the  gun  and  the 
proof  were  burst,  it  was  not  so  much  to  be  expected. 

Exp.  4.  Finding  that  the  carronade,  from  the  great  compara- 
tive size  of  its  bore  to  that  of  its  length,  required  a  larger  quantity 
of  mercurial  powder  to  burst  it  than  we  were  provided  with,  we 
charged  a  half-pounder  swivel  with  an  ounce  and  an  half  avoir- 
dupois of  the  mercurial  powder,  (the  service  charge  of  gunpowder 
being  3  ounces,)  and  a  half-pound  shot  between  two  wads. 
The  piece  was  destroyed  from  die  trunnions  to  the  breech,  and 
its  fragments  thrown  thirty  or  forty  yards.  The  ball  penetrated 
five  inches  into  a  block  of  wood,  standing  at  about  a  yard  from 
the  muzzle  of  the  gun ;  the  part  of  the  swivel  not  broken,  was 
scarce,  if  at  all,  moved  from  its  original  position. 

Exp.  5.  One  ounce  avoirdupois  of  the  mercurial  powder, 
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enclosed  in  paper,  was  placed  in  the  centre  of  a  shell  4,4  inches 
in  diameter,  and  the  vacant  space  filled  with  dry  sand. 

The  shell  burst  by  the  explosion  of  the  powder,  and  the 
fragments  were  thrown  to  a  considerable  distance.  The  charge 
of  gunpowder  employed  to  burst  shells  of  this  diameter,  is  5 
ounces  avoirdupois. 

Exp.  6.  A  sea  grenade,  3,5  inches  diameter,  charged  like  the 
shell  in  the  last  experiment,  was  burst  into  numerous  fragments, 
by  i  of  an  ounce  avoirdupois  of  the  mercurial  powder.  The 
fragments  were  projected  with  but  little  force,  and  only  to  the 
distance  of  eight  or  ten  yards.  The  charge  of  gunpowder  re- 
quired for  grenades  of  this  size,  is  3  ounces. 

Exp.  7.  A  sea  grenade,  of  the  same  diameter  as  the  last 
mentioned,  and  charged  in  the  like  manner,  with  |  of  an  ounce 
avoirdupois,  or  57^  grains,  of  the  mercurial  powder,  was  split  into 
two  equal  pieces,  which  were  not  thrown  ten  inches  asunder. 

The  report  in  the  four  last  experiments  was  very  sharp,  but 
not  loud  in  proportion. 

It  seems,  from  the  manner  in  which  the  swivel  was  burst,  in 
the  fourth  experiment,  that  a  smaller  charge  would  have  been 
sufficient  for  the  purpose.  We  may  therefore  infer,  both  from 
this  instance  and  from  the  second  experiment  made  with  the 
gun,  in  Section  v,  that  any  piece  of  ordnance  might  be  destroyed,* 
by  employing  a  quantity  of  the  mercurial  powder  equal  in  weight 
to  one  half  of  the  service  charge  of  gunpowder ;  and,  from  the 
seventh  and  last  experiment,  we  may  also  conclude,  that  it 
would  be  possible  so  to  proportion  the  charge  of  mercurial 
powder  to  the  size  of  different  cannons,  as  to  burst  them  without 
dispersing  any  splinters.  But  the  great  danger  attending  the  use 
of  fulminating  mercury,  on  account  of  the  facility  with  which  it  ex- 
plodes, will  probably  prevent  its  being  employed  for  that  purpose. 
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In  addition  to  the  other  singular  properties  of  the  fulminating 
mercury,  it  may  be  observed,  that  two  ounces  inflamed  in  the 
open  air,  seem  to  produce  a  report  much  louder  than  when  the 
same  quantity  is  exploded  in  a  gun  capable  of  resisting  its 
action.  Mr.  Cruickshank,  who  made  some  of  the  powder,  by 
my  process,  remarked  that  it  would  not  inflame  gunpowder. 
In  consequence  of  which,  we  spread  a  mixture  of  coarse  and 
fine  grained  gunpowder  upon  a  parcel  of  the  mercurial  powder; 
and,  after  the  inflammation  of  the  latter,  we  collected  most,  if 
not  all,  of  the  grains  of  gunpowder.  Can  this  extraordinary  fact 
be  explained  by  the  rapidity  of  the  combustion  of  fulminating 
mercury?  or  is  it  to  be  supposed,  (as  gunpowder  will  not 
explode  at  the  temperature  at  which  mercury  is  thrown  into 
vapour,)  that  sufficient  caloric  is  not  extricated  during  this 
combustion  ? 

From  the  late  opportunity  I  have  had  of  conversing  with 
Mr.  Cruickshank,  I  find  that  he  has  made  many  accurate 
experiments  on  gunpowder ;  and  he  has  permitted  me  to  state, 
«  that  the  matter  which  remains  after  the  explosion  of  gun- 
"  powder,  consists  of  potash  united  with  a  small  proportion  of 
"  carbonic  acid,  sulphate  of  potash,  a  very  small  quantity  of 
"  sulphuret  of  potash,  and  unconsumed  charcoal.  That  100 
"  grains  of  good  gunpowder  yield  about  53  grains  of  this  resi- 
"  duum,  of  which  three  are  charcoal.  That  it  is  extremely 
"  deliquescent,  and,  when  exposed  to  the  air,  soon  absorbs 
M  moisture  sufficient  to  dissolve  a  part  of  the  alkali ;  in  conse- 
"  quence  of  which,  the  charcoal  becomes  exposed,  and  the 
"  whole  assumes  a  black  or  very  dark  colour."  Mr.  Cruick- 
shank likewise  informs  me,  that  after  the  combustion  of  good 
gunpowder  under  mercury,  no  water  is  ever  perceptible. 
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REFERENCES  TO  THE  FIGURES  OF  THE  GLASS  GLOBE,  &C. 
MENTIONED  IN  SECTION  VII. 

(See  Plate  VIII.) 

A,  a  ball  or  globe  of  glass,  nearly  half  an  inch  thick,  and 
seven  inches  in  diameter.  It  has  two  necks,  on  which  are 
cemented  the  brass  caps  B,  C,  each  being  perforated  with  a 
female  screw,  to  receive  the  male  ones  D,  E :  through  the  former 
a  small  hole  is  drilled ;  the  latter  is  furnished  with  a  perforated 
stud  or  shank  G.  By  means  of  a  leather  collar  H,  the  neck  C 
can  be  air-tightly  closed.  When  a  portion  of  the  powder  is  to 
be  exploded,  it  must  be  placed  on  a  piece  of  paper,  and  a  small 
wire  laid  across  the  paper,  through  the  midst  of  the  powder : 
the  paper  being  then  closed,  is  to  be  tied  at  each  end  to  the 
wire,  with  a  silken  thread,  as  shewn  at  I.  One  end  of  this  wire 
is  to  be  fastened  to  the  end  of  the  shank  G,  and  the  screw  D 
inserted  to  half  its  length  into  the  brass  cap  B ;  the  other  end 
of  the  wire,  a,  by  means  of  the  needle  K,  is  to  be  drawn  through 
the  hole  F.  The  screw  E  being  now  fixed  in  its  place,  and  the 
wire  drawn  tight,  it  is  to  be  secured,  by  pushing  the  irregular 
wooden  plug  L  into  the  aperture  of  the  screw  D,  taking  care 
to  leave  a  passage  for  air.  The  stop-cock  M,  the  section  of 
which  is  shewn  at  N,  is  now  to  be  screwed  on  to  the  part  D, 
which  is  made  air-tight  by  the  leather  collar  b.  The  glass  tube 
O  is  bent,  that  it  may  more  conveniently  be  introduced  under 
the  receiver  of  a  pneumatic  apparatus.  P,  shews  the  manner 
of  connecting  the  glass  tube  with  the  stop-cock. 
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XII.  On  double  Images  caused  by  atmospherical  Refraction.  By 
William  Hyde  Wollaston,  M.  D.  F.  R.  S. 

Read  March  6,  1800. 

In  some  of  the  last  volumes  of  the  Philosophical  Transactions, 
there  have  been  related  many  instances  of  strong  atmospherical 
refraction,  by  which,  objects  seen  near  the  horizon  have  appeared 
inverted,  and  the  horizon  itself  either  elevated  or  depressed. 

Mr.  Huddart  first  took  notice  of  a  distinct  image,  inverted 
beneath  the  object  itself ;  and,  in  the  Philosophical  Transactions 
for  1797,  has  described  several  such  appearances,  accompanied 
with  an  optical  explanation,  wherein  he  shews,  that  the  lowest 
strata  of  the  air  were  at  the  time  endued  with  a  weaker  refrac- 
tive power,  than  others  at  a  small  elevation. 

In  the  volume  for  1799,  Mr.  Vince  has  given  an  instance 
(Tab.  L  Fig.  1.)  where  erect,  as  well  as  inverted  images  were 
visible  above,  instead  of  beneath,  the  objects  themselves ;  and, 
by  tracing  the  progress  of  the  rays  of  light,  in  a  manner  similar 
to  Mr.  Huddart's,  concludes  that  these  phenomena  arose 
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equal,  the  deviations  will  be  as  the  refracting  forces,  I  e.  as  the 
increments  of  density. 

Prop.  if.  When  two  fluids  of  unequal  density  are  brought 
into  contact,  and  unite  by  mutual  penetration ;  if  the  densities 
at  different  heights  be  expressed  by  ordinates,  the  curve  which 
terminates  these  ordinates  will  have  a  point  of  contrary  flexure. 

For  the  straight  lines  da,  rn,  (Plate  IX.)  Fig.  1.  which  ter- 
minate the  ordinates  rx,  dy,  of  uniform  density,  will  be  parallel, 
and,  if  not  united  by  contrary  curvature,  some  straight  line  of 
union,  as  ao,  must  be  supposed.  But,  from  whatever  cause  the 
first  line  is  inferred,  by  the  same  cause  other  intermediate 
lines  mp,  tq,  &c.  will  be  produced,  and  curves  defm,  mtsr, 
will  be  ultimately  formed,  having  a  point  of  contrary  flexure 
at  m. 

The  form  of  the  curve  does  not  appear  to  admit  of  accurate 
investigation,  nor  is  it  of  importance  to  the  subsequent  reason- 
ing, if  wholly  unknown.  We  may,  however,  form  some  judg- 
ment of  its  nature;  for,  whether  the  densities  depend  on 
different  specific  gravities  of  different  fluids,  or  on  unequal 
temperatures  of  different  portions  of  the  same  fluid,  the  curves 
will  be  nearly  alike. 

In  each  of  these  cases,  to  whatever  small  distance  pc,  Fig.  2, 
the  mutual  attraction  is  sufficient  to  occasion  intimate  union  of 
the  fluids,  the  density  mn  of  the  mixture  will  be  an  arithmetic 
mean ;  and,  for  the  same  reason,  at  any  intermediate  smaller 
distances,  there  wiil  be  a  series  of  arithmetic  means  ef,  gb,  &c. 
interposed,  and  the  line  ao,  uniting  the  ordinates,  will  be  straight. 

By  progressive  effect  of  this  attraction,  and  successive  inter- 
polations, in  Fig.  1,  curves  defm,  rstm,  will  be  formed,  of  which 
the  straight  lines  mp,  tq,  &c.  are  tangents. 

Ii  a 
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The  attracting  distances  np,  oq,  &c.  are  subtangents ;  and, 
if  it  be  admitted  that  these  are  every  where  equal,  the  curves 
so  produced  are  logarithmic,  and  the  increment  of  the  ordinate 
greatest  at  tn,  where  they  meet. 

Prop.  in.  If  parallel  rays  pass  through  a  medium  varying 
according  to  the  preceding  proposition,  those  above  the  point 
of  contrary  flexure  will  be  made  to  diverge,  and  those  below 
the  same  point  will  converge,  after  their  passage  through  it. 

For,  since  the  deviation  of  each  ray  depends  on  the  increment 
of  density  where  it  passes,  and  since  the  increment  of  density 
is  greatest  at  the  point  of  contrary  flexure,  any  rays,  as  a  b, 
Fig.  3,  passing  near  to  that  point,  will  be  refracted  more  to- 
wards the  denser  medium  than  those  at  cd>  which  move  in  a 
higher  stratum,  and  will  diverge  from  them,  but  will  be  refracted 
towards  and  meet  those  at  ef>  which  pass  nearer  to  the  denser 
medium,  where  the  increments  of  density  are  also  less. 

Cor.  Hence,  adjacent  portions  of  the  converging  rays  will 
fonn  a  focus,  beyond  which  they  will  diverge  again ;  and  the 
varied  medium  will  produce  effects  similar  to  those  caused  by  a 
medium  of  uniform  density*  having  a  surface  similar  to  the 
curve  of  densities,  since  convergence  or  divergence  will  be  pro- 
duced, according  as  the  curve  of  densities  is  convex  or  concave; 
consequently,  by  tracing  backwards,  to  the  extremities  of  an 

• 

•  In  the  varied  medium,  be  and  bm,  Fig.  4,  the  corresponding  increment!  of  the 
abscissa  and  ordinate,  are  to  each  other  as  radius  to  the  tangent  of  the  angU-  c .  There- 
fore, the  tangent  of  deviation,  which  is  as  the  increment  of  the  ordinate,  varies  as  the 
ta>  gent  of  the  angle  c. 

So  also,  in  the  u  iform  medium,  since  the  sines  of  refraction  and  incidence  are  in  a 
given  ratio,  their  differences  will  bear  a  given  ratio  to  either  of  them  ;  and,  when  the 
angles  an:  small,  the  tangent  of  deviation  will  vary  as  the  tangent  of  incidence,  or  as 
the  tangent  of  the  angle  c,  which  is  equal  to  it. 
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object,  the  progress  of  the  visual  rays,  (or  axes  of  the  pencils 
received  bv  the  eye,)  it  will  be  manifest  that, 

Any  object  seen  through  the  inclined  concave  part  rmt  Fig.  5. 
would  appear  elevated,  erect,  and  somewhat  diminished. 

An  object  seen  through  md,  where  it  is  convex  and  inclined, 
would  be  elevated ;  and,  if  situated  beyond  the  focus  of  visual 
rays  from  the  eye,  it  would  appear  inverted.  The  magnitude 
would  depend  on  the  relative  distances  of  the  eye  and  object. 

Below  the  point  d,  where  the  curve  terminates,  vision  would 
be  direct,  so  that  an  object  might  be  situated  so  as  to  be  seen  in 
al]  three- ways  at  the  same  time,  direct  at  O,  inverted  . at  I,  and 
erect  again  at  A. 

I  consider  the  foregoing  propositions  as  applicable  to  all  cases 
of  varying  density,  whether  occasioned  by  mutual  solution  of 
different  fluids,  or  partial  rarefaction  of  the  same  fluid ;  and,  by 
trial  of  various  fluids,  however  different  in  density,  or  even  in 
viscidity,  1  find  that  the  refractions  observe  a  law  agreeable  to 
the  theory,  as  will  appear  by  the  following  experiments. 

Experiment  1.  Into  a  square  phial  containing  a  small  quan- 
tity of  clear  syrup,  I  put  about  an  equal  quantity  of  water,  in 
such  a  way  that  it  floated  on  the  surface  of  the  syrup,  without 
mixing.  For  a  short  time,  the  stratum  of  union  was  so  thin 
that  nothing  could  be.distinctly  seen  through  it.  But  soon,  by 
mutual  penetration  of  the  water  and  the  syrup,  the  effects 
represented  at  A,  Fig.  6>  were  produced. 

Through  the  syrup,  a  word  written  on  a  card  placed  behind 
was  seen  erect,  and  in  its  place ;  through  the  adjacent  variable 
medium,  an  inverted  image  was  visible  above  the  true  place; 
and  also,  above  that,  a  second  image  of  the  same  object  appeared 
erect. 
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When  these  appearances  are  first  discernible,  the  variations 
of  density  are  so  great,  that  the  object  to  be  looked  at  may  be 
in  contact  with  the  phial ;  but,  when  the  variations  of  density 
become  more  gradual,  and  thereby  the  focus  more  distant,  any 
object  so  near  is  only  elongated,  and  requires  to  be  removed  an 
inch  or  two,  to  be  seen  inverted. 

Exf>er.  2.  Over  the  surface  of  the  water,  in  the  same  phial, 
I  next  put  about  the  same  measure  of  rectified  spirit  of  wine. 

At  the  stratum  where  the  water  and  spirit  united,  the  appear- 
ances were  the  same ;  but,  since  the  refractive  power  of  spirit 
exceeds  that  of  water,  the  true  place  of  the  object  was  seen  up- 
permost ;  the  inverted  and  erect  images  are  below.  Fig.  6,  B. 

When  an  oblique  line  der  is  viewed  through  any  variable 
medium  so  made,  it  appears  bent  into  different  forms,  according 
to  its  situation  with  respect  to  focal  distance. 

If  it  be  at  the  distance  of  the  principal  focus,  one  point  of  it 
is  dilated  into  a  vertical  line,  as  Int.  Fig.  7,  A. 

If  beyond  that  focus,  the  portion  Im  is  inclined  backwards, 
being  an  inverted  image  of  dl;  and  mn  is  another  image  of  the 
same  portion  seen  erect.    Fig.  7,  B. 

On  this  account,  it  becomes  a  convenient  object  for  ascertain- 
ing the  state  of  any  medium  under  examination. 

In  these  experiments,  the  appearances  continue  many  hours, 
even  with  spirit  of  wine;  with  syrup,  two  or  three  days;  with 
acid  of  vitriol,  four  or  five ;  with  a  solution  of  gum  arabic,  much 
longer;  but,  although  their  disposition  to  unite  is  so  different, 
the  appearances  produced  are  nevertheless  the  same  in  all. 

The  refraction  is  greatest  nearly  in  the  plain  of  original  con- 
tact of  the  fluids,  diminishing  from  thence  both  upwards  and 
downwards.  The  exact  rate  of  diminution  above  or  below  this 
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point,  I  had  no  means  of  measuring,  with  the  accuracy  that 
would  be  requisite  for  determining  the  nature  of  the  curves  of 
density  formed  according  to  the  first  proposition. 

But  the  truth  of  the  second  proposition  appeared  capable  of 
confirmation  by  experiment;  for  the  deviation  of  a  ray  is  there 
said  to  depend  on  the  increment  of  density,  and  time  of  the 
ray's  passage,  jointly ;  accordingly,  the  deviation  caused  by  a 
given  increment  should  be  in  proportion  to  the  extent  of  the 
medium. 

In  order  to  try  what  effect  a  greater  extent  of  medium  would 

produce, 

Exper.  3.  I  made  a  rectangular  glass  vessel,  of  which  the 
sides  were  in  the  ratio  of  10  to  30,6;  and,  having  put  into  it 
some  clear  syrup,  with  water  on  its  surface,  I  measured  the 
greatest  refractions  through  it  in  both  directions,  and  found  them 
in  the  ratio  of  10  to  about  39. 

In  another  vessel,  of  which  the  sides  were  as  10  to  40,4,  the 
refractions  were,  on  an  average,  as  1  to  4. 

Being  now  fully  satisfied  of  the  effect  of  different  fluids,  I  made 
the  following  experiment,  whereby  it  appears,  that  the  variations 
of  density  occasioned  by  difference  of  temperature  between  ad- 
jacent strata  of  the  same  fluid,  follow  a  similar  law. 

Exper.  4.  Having  put  some  cold  water  into  a  square  vessel, 
I  covered  its  surface  with  a  piece  of  writing  paper  perforated 
with  a  few  small  holes,  and  then  filled  the  vessel  cautiously 
with  boiling  water.  The  paper  nearly  prevented  any  mixture 
of  the  hot  and  cold  water;  but,  by  floating  gradually  up,  left 
them  to  communicate  their  heat  by  contact  alone. 

While  they  were  in  this  state,  I  examined  the  appearance  of 
remote  objects  through  the  varied  medium,  and  found,  tUt' 
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when  my  eye  was  removed  four  or  five  feet  from  the  vessel,  the 
effects  were  the  same  as  in  the  preceding  experiments  with  dif- 
ferent fluids ;  above  any  object  viewed  through  the  cold  water, 
I  could  distinguish  two  images  of  it,  the  one  inverted,  the  other 
erect,  as  usual;  but  these  appearances  did  not  continue  more 
than  five  or  six  minutes. 

Having  thus  established,  by  experiments  sufficiently  varied, 
that  the  contiguity  of  two  fluids  of  unequal  density  is  capable 
of  occasioning  all  the  appearances  that  have  been  observed,  I 
shall  proceed  to  shew  by  what  means  the  air  may  be  made  to 
exhibit  similar  phenomena. 

Exper.  5.  I  heated  a  common  poker  red-hot,  and  held  it  so 
as  to  look  along  the  side  of  it,  at  a  paper  10  or  12  feet  distant. 
The  rarefaction  occasioned  by  it  caused  a  perceptible  refraction, 
to  the  distance  of  about  f  of  an  inch  from  the  side  of  the  poker. 
A  letter  seen  more  distant  from  it  appeared  as  usual ;  within 
that  distance  there  was  a  faint  image  of  it  reversed ;  and  still 
nearer  to  the  poker  was  a  second  image  direct,  and  as  distinct 
as  the  object  itself,  but  somewhat  smaller,  as  in  Fig.  8,  in 
which  a  section  of  the  atmosphere  surrounding  the  poker  is 
represented.  At  the  bottom  and  sides  it  is  nearly  circular; 
but  upwards  the  circular  form  is  lost  in  undulations,  occasioned 
by  the  rapid  ascent  of  the  rarefied  air. 

The  greatest  deviation  produced  in  this  case  measured  about 
i  a  degree. 

Exper.  6.  By  a  red-hot  bar  of  iron,  30  inches  long,  the  refrac- 
tions were  much  greater,  the  extreme  deviations  amounting  to 
full  1  i  degree. 

The  refractions  observed  in  these  experiments  may,  at  first 
view,  be  thought  greater  than  could  be  caused  by  difference  of 
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temperature  alone,  being  in  one  instance  more  than  double  the 
greatest  horizontal  refraction  of  the  heavenly  bodies;  in  which 
case,  as  the  rays  enter  from  a  vacuum,  the  greatest  possible 
effect  of  the  atmosphere  might  be  expected.  But  it  must  be 
remembered,  that  when  a  star  appears  in  the  horizon,  its  rays 
intersect  the  superior  strata  of  the  atmosphere  at  an  inclination 
of  several  degrees,  and  that  they  pass  but  once  through  the 
variations  from  rarity  to  density ;  but,  on  the  contrary,  that  in 
the  experiments  with  red-hot  iron,  the  rays  may  pass  actually 
in  the  direction  of  the  strata,  and  that  they  are  refracted,  not 
only  by  their  entrance  from  the  denser  into  the  rarer  medium, 
but  the  effect  is  doubled,  since  the  refraction  caused  by  their 
emergence  is  equal  to  that  produced  by  their  incidence. 

Although  a  stratum  of  air,  heated  by  these  means  to  so  great 
a  degree,  affords  an  erect,  as  well  as  an  inverted,  image  of 
objects  seen  through  it,  the  more  moderate  warmth  communi- 
cated to  it  from  bodies  heated  by  the  action  of  the  sun  upon 
them,  seems  insufficient  to  produce  both  images ;  but  the  in- 
verted image  may  generally  be  seen,  when  the  sun  shines  upon 
a  brick  wall,  or  other  darker-coloured  surface. 

While  the  eye  of  the  observer  is  placed  nearly  in  a  line  with 
the  wall,  if  another  person,  at  30  or  40  yards  distance,  extends 
any  object  towards  the  wall,  an  image  similar  to  it  will  appear 
to  come  out  to  meet  it. 

It  would  be  difficult  to  ascertain  with  accuracy  the  degree  of 
rarefaction  capable  of  shewing  tins  appearance,  but  it  may  be 
of  some  use  to  future  observers,  to  mention  the  different  degrees 
of  heat  which  I  observed. 

In  one  instance,  a  thermometer  in  contact  with  the  wall, 
stood  at  960 ;  but,  at  \  of  an  inch  distance,  820. 

mdccc.  K  k 
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One  morning,  when  the  sun  shone  bright,  I  examined  the 
temperatures  and  refraction  produced  at  the  surface  of  a  deal 
bar  painted  green,  about  8  feet  long.  .  , 

A  small  thermometer  in  contact  with  the  bar,  rose  to  o,6*; 
at  ±  of  an  inch  distance,  it  stood  at  73*. 

The  refraction  at  the  same  time  exceeded  20  minutes. 

To  explain  why  red-hot  iron  occasions  two  images,  while 
solar  heat  produces  but  one,  I  imagine  that  the  intense  heat  in 
the  former  case  rarefies  the  air  for  some  small  distance  uni- 
formly, and  thereby  affords  the  same  series  of  variations  as 
between  other  fluids  of  uniform  density ;  but  that,  in  the  latter, 
the  heat  is  conveyed  off  as  fast  as  it  is  generated;  so  that,  as 
there  is  no  extent  of  medium  uniformly  rare,  the  densities  cor- 
responding to  the  concave  portion  rm,  Fig.  5.  of  the  curve 
before  described  do  not  take  place,  but  the  phenomena  occa- 
•ioned  by  the  convex  part  mi  are  alone  produced. 

It  must  be  remarked,  that  the  vertical  position  of  the  surface 
contributes  greatly  to  increase  the  effect ;  for,  since  the  heated 
air  rises  in  the  direction  of  the  surface,  its  ascent  has  in  this 
case  no  tendency  to  blend  it  with  the  adjacent  denser  strata,  and 
hence  very  different  degrees  of  density  take  place  in  the  thick- 
ness of  i  of  an  inch ;  so  that,  as  the  increments  of  density  are 
great,  the  refractions  will  be  proportionally  so  ;  but,  where  the 
heated  surface  is  horizontal,  the  ascent  of  the  rarefied  air  into 
the  superincumbent  denser  strata  renders  the  variations  far  more 
gradual ;  consequently,  a  heated  surface  of  far  greater  extent 
must  be  requisite,  to  produce  equal  refraction. 

However,  over  extensive  plains,  when  the  sun  shines,  some 
degree  of  inversion  is  very  frequently  to  be  seen ;  but  the 
inverted  images  are  rarely  well  defined,  unless  over  a  very  even 
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surface.  One  of  the' best  situations  for  this  purpose,  is  over  a 
level  open  road,  with  a  gentle  breeze  blowing  across  it.  A  cur- 
rent of  air  brings  a  cool  stratum  more  closely  in  contact. with 
the  heated  surface ;  and,  since  refraction  depends  on  the  incre- 
ment or  difference  of  density  in  a  given  small  space,  a  very 
moderate  breeze  will  thereby  render  inversion  more  perceptible; 
but  a  strong  wind  will  reduce  the  temperature  of  the  surface, 
and  may  make  the  heated  stratum  too  thin  for  any  object  to  be 
seen  through  it  from  a  distance. 

In  one  instance,  when  I  saw  a  refraction  of  about  9  minutes, 
at  the  distance  of  £  of  a  mile,  a  thermometer  in  the  sand  was 
101°;  at  4  inches  above,  82°;  and,  at  1  foot  above,  760. 

Over  water,  the  evenness  of  the  surface  is  favourable  to  the 
production  of  such  appearances ;  but,  since  the  action  of  the 
sun  is  weak  on  a  body  so  transparent,  a  far  greater  extent  of 
surface  is  requisite  to  produce  any  perceptible  inversion. 

Being  at  Bognor  one  bright  morning,  when  the  sea  was  calm, 
I  had  an  opportunity  of  observing  the  appearance  of  Selsea 
Bill,  about  6  miles  distant.  The  whole  extent  of  coast,  when 
viewed  with  a  pocket  telescope  magnifying  about  16  times, 
appeared  inverted  from  one  end  to  the  other ;  and  the  lower 
part  of  a  brick  house  upon  the  shore,  was  seen  as  distinct  as  the 
house  itself.  I  judged  the  quantity  of  refraction,  in  this  case,  to 
be  about  2  minutes  of  a  degree. 

This  state  of  atmosphere  appears  to  be  not  very  uncommon; 
for,  at  Shanklin  Chine,  in  the  Isle  of  Wight,  a  few  days 
preceding,  similar  appearances  were  visible  in  several  directions, 
but  I  neglected  to  make  any  estimate  of  the  quantity  of  re- 
fraction. 

In  the  instance  of  the  inverted  vessel  seen  by  Mr.  Huddart, 
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(Phil.  Trans,  for  1797,  Tab.  I.  Fig.  3.)  at  the  distance  of  8 
miles,  the  refraction  seems  to  have  been  about  3'. 

All  the  appearances  described  by  him,  I  am  inclined  to  think, 
arose  from  difference  of  temperature  alone.  He  offers  a  con- 
jecture, that  evaporation  might  occasion  the  lower  strata  of  the 
atmosphere  to  have  a  weaker  refractive  power ;  but,  from  the 
following  experiments,  it  seems  to  have  a  contrary  effect. 

Exper.  7.  I  took  a  plate  of  glass,  and,  while  I  looked  along 
the  surface,  I  poured  upon  it  a  small  quantity  of  ether. 

A  line  upon  the  opposite  wall,  appeared  instantaneously  ele- 
vated many  minutes,  and  at  times  above    a  degree. 

This  fluid  being  the  most  volatile,  and  most  soluble  in  the 
atmosphere,  of  any  known  liquid,  produces  the  greatest  effect ; 
since  the  cold,  during  evaporation,  conspires  with  the  ether  dis- 
solved in  the  air,  to  increase  the  refractive  power. 

Rectified  spirit  of  wine  also  produces,  from  the  same  cause,  a 
very  considerable  effect. 

Exper.  8.  By  moistening  a  board,  ,5  feet  in  length,  with  alcohol, 
and  observing  the  elevation  of  an  object  viewed  over  its  surface, 
I  found  the  refraction  to  be  about  15'. 

Exper.  9.  1  next  made  a  similar  experiment  with  water  itself. 
Of  this,  the  effect  was  barely  visible,  when  tried  in  the  same 
way ;  but,  by  means  of  a  surface  of  1  o  feet,  and  by  viewing  a 
luminous  point  at  a  greater  distance,  the  refraction  became  evi- 
dent, and  the  object  elevated  above  3  minutes. 

In  the  course  of  these  experiments,  I  tried  whether  confining 
the  saturated  atmosphere,  by  boards  on  each  side,  would  vary 
the  effect,  and  found  the  refraction  in  all  cases  much  lessened ; 
and,  when  water  was  used,  it  became  imperceptible;  but,  as 
soon  as  the  boards  were  removed,  and  a  free  current  allowed  to 
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pass  across,  the  full  effect  was  again  produced.  The  reason  of 
this  difference  appears  to  be,  that  the  quicker  evaporation  in- 
creases the  degree  of  cold,  and  the  current  brings  greater  dif- 
ferences of  density  contiguous. 

This  state  of  rapid  evaporation  will  fully  account  for  the 
phenomenon  witnessed  by  Mr.  Latham,  who  has  described 
(in  the  Phil.  Trans,  for  1796,  p.  357)  an  extraordinary  eleva- 
tion of  the  opposite  coast  of  France,  so  as  to  be  seen  from  the 
beach  at  Hastings,  and  other  parts  of  Sussex. 

There  is  a  fact  of  the  same  kind  stated  by  De  la  Lande, 
(Astron.  Tom.  II.)  who  says  that  the  mountains  of  Corsica 
(though  at  the  distance  of  more  than  100  miles)  are  occa- 
sionally visible  from  Genoa. 

It  is  probably  owing  to  the  same  cause,  that  other  objects 
have  been  sometimes  seen,  at  such  distances  that  we  should 
expect  them  to  be  intercepted  by  the  curvature  of  the  earth; 
for  it  is  evident,  that  whensoever  the  evaporation  over  each  mile 
of  surface  occasions  a  refraction  of  about  1  minute,  the  rays 
receive  a  curvature  equal  to  that  of  the  ocean,  so  that  its  sur- 
face will  appear  flat,  and  the  spherical  form  of  the  earth  will 
not  obstruct  horizontal  vision  of  objects  at  any  distance. 

It  still  remained  to  explain  the  phenomena  seen  by  Mr. 
Vince,  as  I  had  not  hitherto  made  an  atmosphere  capable  of 
exhibiting  images  inverted,  as  well  as  elevated,  by  increased 
density.  For,  in  the  refractions  produced  in  the  7th,  8th,  and 
9th  experiments,  by  evaporation  at  an  exposed  surface,  I 
observed  the  effect  was  always  greatest  in  contact  with  the 
evaporating  surface;  any  lower  point  a,  Fig. 9,  appeared  brought 
nearer  to  a  higher  point  r,  by  the  pencil  of  rays  from  a  being 
more  refracted  at  6,  than  the  pencil  from  c  was  refracted  at  d. 
Therefore,  any  rays  passing  from  the  eye  at  e}  as  a  point,  through 
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b  and  </,  Would  be  made  to  diverge  to  a  and  c ;  consequently, 
visual  rays  could  not,  under  these  circumstances,  intersect  each 
other,  and  no  objects  could  appear  inverted. 

But,  whenever  the  lowest  strata  of  the  air  become  saturated 
with  moisture,  the  variations  between  the  saturated  stratum  and 
the  incumbent  atmosphere  of  the  common  density,  will  follow 
a  law  similar  to  what  is  found  at  the  confines  of  other  fluids  of 
unequal  density ;  hence,  inversion  will  become  visible,  as  there 
will  be  a  point  below  which  the  increment  of  density  will  de- 
crease, and  where  the  refractions  will  consequently  be  less, 
although  through  a  denser  medium. 

Rxper.  10.  To  produce  these  appearances,  I  procured  a  trough 
of  thin  deal,  5  feet  long,  1  inch  wide,  with  sides  s£  inches  high, 
and  closed  the  extremities  of  it  with  glass.  A  section  of  it  is 
given  in  Fig.  10. 

When  the  bottom  was  wetted  with  ether,  the  greatest  refrac- 
tion was,  at  intervals,  more  than  \  of  an  inch  from  the  bottom  of 
the  trough ;  and,  beneath  this  height,  I  saw  a  second  image  in- 
verted, when  my  eye  was  removed  to  14  or  15  feet  distance, 
and  the  object  at  about  70  feet.  The  focus  seemed  at  the  same 
time  to  be  about  9  feet  distant. 

There  was  not  depth  enough  of  uniformly  saturated  atmo- 
sphere for  the  object  itself  to  be  seen  through  it,  but  its  true 
place,  compared  with  that  of  the  images,  is  represented  at  a. 

Exper.  11.  When  I  made  use  of  rectified  spirit  in  the  same 
apparatus,  I  had  also  sufficient  proof  that  the  laws  of  evapora- 
tion would  admit  of  such  appearances  being  produced ;  for  the 
same  object  now  appeared  curved  downwards,  as  in  Fig.  11, 
so  that  rays  nearer  to  the  bottom  were  manifestly  less  refracted 
than  such  as  passed  at  some  distance  above.  A  degree  of  con- 
vergency  must  therefore  have  been  produced,  although  the  dis- 
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tance  at  which  the  rays  would  meet,  was  beyond  that  of  my 
eye,  and  circumstances  would  not  admit  of  my  removing  beyond 

35  fe<*. 

The  evaporation  of  water  could  not  be  expected  to  produce 
any  sensible  effect  of  this  kind,  in  so  short  a  space ;  but,  in  a  view 
of  some  miles  extent,  there  can  be  no  doubt,  from  the  foregoing 
experiments,  that  evaporation  from  the  surface  of  the  sea,  in 
such  a  state  of  the  atmosphere  as  would  allow  the  lower  strata 
to  be  saturated,  is  capable  of  occasioning  all  the  phenomena 
which  have  been  described,  and  probably  was  the  cause  of  those 
which  Mr.  Vince  observed. 

Since  heat  alone  tends  to  depress  objects,  and  evaporation 
produces  apparent  elevation,  it  is  probable,  that  in  the  instance 
of  refraction  related  by  Mr.  Dalby,  (Phil.  Trans,  for  1795, 
p.  587),  the  heat  of  the  sun  was  the  principal  agent,  and  that  the 
moisture  rather  tended  to  counteract  than  assist  its  action. 

Simple  inversion  may  generally  be  seen,  when  the  sun  shines 
upon  a  dry  even  road  of  ^  or  |  mile  extent;  but,  when  the  ground 
has  been  wet,  I  have  very  rarely  seen  it,  and  have  even  failed 
of  discerning  it,  when  the  heat  has  been  sufficient  to  raise  a 
steam  from  the  ground. 

The  following  experiment  shews  that  it  is  not  to  be  expected 
but  by  very  great  extent  of  surface. 

Exper.  12.  I  placed  a  dark-coloured  board  in  the  sunshine, 
and,  having  examined  the  refraction  along  its  surface,  I  made  a 
wet  line  along  it,  with  a  sponge  dipped  in  boiling  water.  Not- 
withstanding this  additional  heat,  the  refraction,  in  the  direction 
of  the  wet  line,  was  far  less  than  over  the  rest  of  the  board,  al- 
though I  took  care  to  observe  the  effect,  before  the  surface  could 
be  cooled  again  by  evaporation. 

I  should  therefore  expect  the  depression  of  the  horizon  at  sea, 
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where  the  refraction  occasioned  by  heat  must  always  be  coun- 
teracted by  evaporation,  never  to  exceed  a  few  minutes ;  and 
that  any  one  in  a  situation  commanding  a  view  of  the  sea,  by 
attention  to  the  various  degrees  of  the  dip  of  the  horizon  under 
different  circumstances,  might  soon  form  some  estimate  of  the 
proper  allowance  to  be  made,  for  brightness  of  the  sun  at  the 
time  of  an  astronomical  observation,  or  for  difference  of  tem- 
perature between  the  sea  and  air. 

Having  now  examined  the  several  peculiarities  of  refraction 
which  I  proposed  for  consideration,  I  shall,  in  few  words,  reca- 
pitulate the  purport  of  the  foregoing  pages. 

According  to  the  theory  here  given,  there  appear  to  be  two 
opposite  states  of  the  atmosphere,  either  of  which  may  occasion 
objects  to  be  seen  doubled  or  tripled,  since  both  increase  and 
decrease  of  its  density,  when  partial,  produce  similar  effects. 

It  has  been  explained, 

ist.  Why  air  heated  by  the  moderate  warmth  of  the  sun's 
rays,  occasions  objects  to  appear  doubled  and  inverted. 

adly.  Why  rarefaction,  by  a  higher  degree  of  heat,  gives  an 
additional  image,  which  is  not  inverted. 

3dly.  In  what  state  of  evaporation  the  increase  of  the  air's 
density  brings  distant  objects  into  view  by  unusual  elevation. 

4thly.  Under  what  circumstances  evaporation  may  also  pro- 
duce an  inverted  image  less  elevated. 

And  it  is  probable,  that  the  same  reasoning  will  afford  a  ready 
explanation  to  other  varieties  of  terrestrial  refraction,  that  may 
have  been,  or  may  hereafter  be  observed. 
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.  XIII.  Investigation  of  the  Powers  of  the  prismatic  Colours  to  beat 
and  illuminate  Objects ;  with  Remarks,  that  prove  the  different 
Refrangibility  of  radiant  Heat.  To  which  is  added,  an  Inquiry 
into  the  Method  of  viewing  the  Sun  advantageously,  with 
Telescopes  of  large  Apertures  and  high  magnifying  Powers. 
By  William  Herschel,  LL.  D.  F.  R.  S. 

Read  March  37, 1800. 

It  is  sometimes  of  great  use  in  natural  philosophy,  to  doubt  of 
things  that  are  commonly  taken  for  granted ;  especially  as  the 
means  of  resolving  any  doubt,  when  once  it  is  entertained,  are 
often  within  our  reach.  We  may  therefore  say,  that  any  experi- 
ment which  leads  us  to  investigate  the  truth  of  what  was  before 
admitted  upon  trust,  may  become  of  great  utility  to  natural 
knowledge.  Thus,  for  instance,  when  we  see  the  effect  of  the 
condensation  of  the  sun's  rays  in  the  focus  of  a  burning  lens,  it 
seems  to  be  natural  to  suppose,  that  every  one  of  the  united 
rays  contributes  its  proportional  share  to  the  intensity  of  the 
heat  which  is  produced;  and  we  should  probably  think  it 
highly  absurd,  if  it  were  asserted  that  many  of  them  had  but 
little  concern  in  the  combustion,  or  vitrification,  which  follows, 
when  an  object  is  put  into  that  focus.  It  will  therefore  not  be 
amiss  to  mention  what  gave  rise  to  a  surmise,  that  the  power  of 
heating  and  illuminating  objects,  might  not  be  equally  distri- 
buted among  the  variously  coloured  rays. 
In  a  variety  of  experiments  I  have  occasionally  made,  relating 
mdccc  L 1 
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to  the  method  of  viewing  the  sun,  with  large  telescopes,  to  the 
best  advantage,  I  used  various  combinations  of  differently- 
coloured  darkening  glasses.  What  appeared  remarkable  was, 
that  when  I  used  some  of  them,  I  felt  a  sensation  of  heat, 
though  I  had  but  little  light ;  while  others  gave  me  much  light, 
with  scarce  any  sensation  of  heat.  Now,  as  in  these  different 
combinations  the  sun's  image  was  also  differently  coloured,  it 
occurred  to  me,  that  the  prismatic  rays  might  have  the  power  of 
heating  bodies  very  unequally  distributed  among  them  ;  and,  as 
I  judged  it  right  in  this  respect  to  entertain  a  doubt,  it  appeared 
equally  proper  to  admit  the  same  with  regard  to  light.  If  cer- 
tain colours  should  be  more  apt  to  occasion  heat,  others  might, 
on  the  contrary,  be  more  fit  for  vision,  by  possessing  a  superior 
illuminating  power.  At  all  events,  it  would  be  proper  to  recur 
to  experiments  for  a  decision. 


Experiments  on  the  beating  Power  of  coloured  Rays. 

I  fixed  a  piece  of  pasteboard,  AB,  ( Plate  X.)  in  a  frame,  mounted 
upon  a  stand,  CD,  and  moveable  upon  two  centres.  In  the 
pasteboard,  I  cut  an  opening,  mn,  a  little  larger  than  the  ball  of 
a  thermometer,  and  of  a  sufficient  length  to  let  the  whole  extent 
of  one  of  the  prismatic  colours  pass  through.  I  then  placed 
three  thermometers  upon  small  inclined  planes,  EF :  their 
balls  were  blacked  with  japan  ink.  That  of  No.  1  was  rather 
too  large  for  great  sensibility.  No.  2  and  3  were  two  excellent 
thermometers,  which  my  highly  esteemed  friend  Dr.  Wilson, 
late  Professor  of  Astronomy  at  Glasgow,  had  lent  me  for  the 
purpose :  their  balls  being  very  small,  made  them  of  exquisite 
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sensibility.  The  scales  of  all  were  properly  disengaged  from 
the  balls. 

I  now  placed  the  stand,  with  the  framed  pasteboard  and  the 
thermometers,  upon  a  small  plain  board,  GH ;  that  I  might  be 
at  liberty  to  move  the  whole  apparatus  together,  without  de- 
ranging the  relative  situation  of  the  different  parts. 

This  being  done,  I  set  a  prism,  moveable  on  its  axis,  into  the 
upper  part  of  an  open  window,  at  right  angles  to  the  solar  ray, 
and  turned  it  about  till  its  refracted  coloured  spectrum  became 
stationary,  upon  a  table  placed  at  a  proper  distance  from  the 
window. 

The  board  containing  the  apparatus  was  now  put  on  the 
table,  and  set  in  such  a  manner  as  to  let  the  rays  of  one  colour 
pass  through  the  opening  in  the  pasteboard.  The  moveable 
frame  was  then  adjusted  to  be  perpendicular  to  the  rays  coming 
from  the  prism;  and  the  inclined  planes  carrying  the  three 
thermometers,  with  their  balls  arranged  in  a  line,  were  set  so 
near  the  opening,  that  any  one  of  them  might  easily  be  ad- 
vanced far  enough  to  receive  the  irradiation  of  the  colour  which 
passed  through  the  opening,  while  the  rest  remained  close  by, 
under  the  shade  of  the  pasteboard. 

By  repeated  trials,  I  found  that  Dr.  Wilson's  No.  s  and 
mine,  always  agreed  in  shewing  the  temperature  of  the  place 
where  I  examined  them,  when  the  change  was  not  very  sud- 
den ;  but  that  mine  would  require  ten  minutes  to  take  a  change, 
which  the  other  would  shew  in  five.  No.  3  never  differed 
much  from  No.  2. 

1st  Experiment.  Having  arranged  the  three  thermometers  in 
the  place  prepared  for  the  experiment,  I  waited  till  they  were 
stationary.  Then,  advancing  No.  1  to  the  red  rays,  and  leaving 
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the  other  two  close  by,  in  the  shade,  I  marked  down  what  they 
shewed,  at  different  times. 


No.  1. 

No.  2. 

No.  3. 

43i  - 

-     43i  - 

-  43i 

48  - 

-     48i     "  * 

-  43* 

49i     -  • 

-     43i  " 

-      -  43* 

49*  - 

-     43*  - 

-      -  43i 

50 

-     43i  - 

-      -  43i 

This,  in  about  8  or  10  minutes,  gave  6±  degrees,  for  the 
rising  produced  in  my  thermometer,  by  the  red  rays,  compared 
to  the  two  standard  thermometers. 

2d  Experiment.  As  soon  as  my  thermometer  was  restored  to 
the  temperature  of  the  room,  which  I  hastened,  by  applying  it 
to  a  large  piece  of  metal  that  had  been  kept  in  the  same  place, 
I  exposed  it  again  to  the  red  rays,  and  registered  its  march, 
along  with  No.  2  as  a  standard,  which  was  as  follows. 

No.  «. 

45 
45 
45 
44i 
44 

Hence,  in  10  minutes,  the  red  rays  made  the  thermometer 
rise  7  degrees. 

yd  Experiment.  Proceeding  in  the  same  manner  as  before, 
in  the  green  rays  I  had, 


No.  1. 

45 
48 
5^ 
51 
51 
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No.  1.  No.  2. 

48      -      -      "  43 

45*  -  -  -  43 
46      -      -      -  43 

46  4H 
46      -      -      -  42* 

Therefore,  in  ten  minutes,  the  green  rays  occasioned  a  rise  of 
Si  degrees. 

jgb  Experiment.  I  now  exposed  my  thermometer  to  the  violet 
rays,  and  compared  it  with  No.  2. 

No,  1.  *    No.  2. 

*  ■  4 

iliiii  m»  m»  m»  A.  A. 

44  -  44 
44*     -  431 

45  -      -      -  48 

Here  we  have  a  rising  of  2  degrees,  in  ten  minutes,  for  the 
violet  rays. 

$tb  Experiment.  I  now  exposed  Dr.  Wilson's  thermometer 
No.  2  to  the  red  rays,  and  compared  its  progress  with  No.  3. 

No.  2.  No.  3. 

44      -      -      -  44 

46  -      -      -  44 

40£    -      -      "  43i 
-      -      -■  43* 

Here  the  thermometer,  exposed  to  red,  rose  in  five  minutes  2  J 
degrees. 

6tb  Experiment,  In  red  rays  again. 
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No.  2.  No.  3. 

44  -  -  -  44 
4,6       -      -       -  44 

iPi  '  "  "  43i 
47  -  -  -  43i 
47      -      -      -  43 

And  here  the  thermometer,  exposed  to  red,  rose  in  five 
minutes  4  degrees. 
ytb  Experiment.  In  green  rays. 

No.  2.  No.  3. 

48*  "  -  "  43i 
44i  -  "  V  43* 
44i-     -      -      "  43 

This  made  the  thermometer  rise,  in  the  green  rays,  i£ 
degree. 

Stb  Experiment.  Again  in  green  rays. 

No.  2.  No.  3. 

-    ■  •'.  .     43   -        .  -  43 
44i     "      -      -  4«i 
44*    -      -      -  4*i 

Here  the  rising,  by  the  green  rays,  was  2  degrees. 

From  these  experiments,  we  are  authorised  to  draw  the  fol- 
lowing  results.  In  the  red  rays,  my  thermometer  gave  6± 
degrees  in  the  1st,  and  7  degrees  in  the  ad,  for  the  rising  of 
the  quicksilver :  a  mean  of  both  is  6f-.  In  the  3d  experiment, 
we  had  3^  degrees,  for  the  rising  occasioned  by  the  green  rays ; 
from  which  we  obtain  the  proportion  of  55  to  26,  for  the  power 
of  heating  in  red  to  that  in  green.    The  4th  experiment  gave 
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2  degrees  Ifor  the  violet  rays ;  and  therefore  we  have  the  rising 
of  the  quicksilver  in  red  to  that  in  violet,  as  55  to  16. 

A  sufficient  proof  of  the  accuracy  of  this  determination  we 
have,  in  the  result  of  the  four  last  experiments.  The  rising  for 
red  rays  in  the  5th,  is  s| ;  and  in  the  6th,  4  degrees :  a  mean 
of  both  is  gj.  In  the  7th  experiment,  we  have  i£,  and  in  the 
8th,  2  degrees,  for  the  rising  in  green :  a  mean  of  these  is  i|. 
Therefore,  we  have  the  proportion  of  the  rising  in  red  to  that 
in  green,  as  27  to  11,  or  as  55  to  22,4. 

We  may  take  a  mean  of  the  result  of  both  thermometers, 
which  will  be  55  to  24,2,  or  more  than  2^  to  1,  in  red  to  green ; 
and  about  3^  to  1,  in  red  to  violet. 

It  appears  remarkable,  that  the  most  sensible  thermometer 
should  give  the  least  alteration,  from  the  exposure  to  the  coloured 
rays.  But  since,  in  these  circumstances,  there  are  two  causes 
constantly  acting  different  ways ;  the  one  to  raise  the  thermo- 
meter, the  other  to  bring  it  down  to  the  temperature  of  the 
room,  I  suppose,  that  on  account  of  the  smallness  of  the  ball  in 
Dr.  Wilson's  No.  1,  which  is  but  little  more  than  \  of  an  inch, 
the  cooling  causes  must  have  a  stronger  effect  on  the  mercury 
it  contains  than  they  can  have  on  mine,  the  ball  of  which  is 
half  an  inch. 

More  accuracy  may  hereafter  be  obtained,  by  attending  to 
the  circumstances  of  blacking  the  balls  of  the  thermometers, 
and  their  exposure  to  a  more  steady  and  powerful  light  of  the 
sun,  at  greater  altitudes  than  it  can  be  had  at  present;  but 
the  experiments  which  have  been  related,  are  quite  sufficient 
for  my  present  purpose;  which  only  goes  to  prove,  that  the 
heating  power  of  the  prismatic  colours,  is  very  far  from  being 
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equally  divided,  and  that  the  red  rays  are  chiefly  eminent  in 
that  respect. 


Experiments  on  the  illuminating  Power  of  coloured  Rays. 

In  the  following  examination  of  the  illuminating  power  of 
differently-coloured  rays,  I  had  two  ends  in  view.  The  first 
was,  with  regard  to  the  illumination  itself;  and  the  next,  with 
respect  to  the  aptness  of  the  rays  for  giving  distinct  vision ;  and, 
though  there  did  not  seem  to  be  any  particular  reason  why 
these  two  should  not  go  together,  I  judged  it  right  to  attend  to 
both. 

The  microscope  offered  itself  as  the  most  convenient  instru- 
ment for  this  investigation ;  and  I  thought  it  expedient  to  view 
only  opaque  objects,  as  these  would  give  me  an  opportunity  to 
use  a  direct  prismatic  ray,  without  running  the  risk  of  any  bias 
that  might  be  given  to  it,  in  its  transmission  through  the  colour- 
ing particles  of  transparent  objects. 

ist  Experiment.  I  placed  an  object  that  had  very  minute 
parts,  under  a  double  microscope ;  and,  having  set  a  prism  in  the 
window,  so  as  to  make  the  coloured  image  of  the  sun  stationary 
upon  the  table  where  the  microscope  was  placed,  I  caused  the 
differently-coloured  rays  to  fall  successively  on  the  object,  by 
advancing  the  microscope  into  their  light.  The  magnifying 
power  was  87  times. 

In  changing  the  illumination,  by  admitting  a  different  colour, 
it  always  becomes  necessary  to  re-adjust  the  instrument.  It  is 
well  known,  that  the  different  refrangibility  of  the  rays  will 
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sensibly  affect  the  focal  length  of  object-glasses ;  but,  in  com- 
pound vision,  such  as  in  a  microscope,  where  a  very  small  lens 
is  made  to  cast  a  lengthened  secondary  focus,  this  difference 
becomes  still  more  considerable. 

By  an  attentive  and  repeated  inspection,  I  found  that  my 
object  was  very  well  seen  in  red;  better  in  orange,  and  still 
better  in  yellow ;  full  as  well  in  green ;  but  to  less  advantage 
in  blue ;  indifferently  well  in  indigo,  and  with  more  imper- 
fection in  violet. 

This  trial  was  made  upon  one  of  the  microscopic  objects 
which  are  generally  prepared  for  transparent  vision ;  but,  as  I 
used  it  in  the  opaque  way,  I  thought  that  others  might  be 
chosen  which  would  answer  the  purpose  better ;  and,  in  order 
to  give  some  variety  to  my  experiments,  and  to  see  the  effect 
differently  coloured  substances  might  have  on  the  rays  of  light, 
I  provided  the  following  materials  to  be  viewed.  Red  paper; 
green  paper;  a  piece  of  brass ;  a  nail ;  a  guinea;  black  paper. 
Having  also  found  that  a  higher  power  might  be  used,  with 
sufficient  convenience  for  the  rays  of  light  to  come  from  the 
prism  to  the  object,  I  made  the  miscroscope  magnify  42  times. 

The  appearance  of  the  nail  in  the  microscope,  is  so  beautiful, 
that  it  deserves  to  be  noticed ;  and  the  more  so,  as  it  is  accom- 
panied with  circumstances  that  are  very  favourable  for  an  inves- 
tigation, such  as  that  which  is  under  our  present  consideration. 
I  had  chosen  it  on  account  of  its  solidity  and  blackness,  as 
being  most  likely  to  give  an  impartial  result,  of  the  modifications 
arising  from  an  illumination  by  differently-coloured  rays ;  but, 
on  viewing  it,  I  was  struck  with  the  sight  of  a  bright  constella- 
tion of  thousands  of  luminous  points,  scattered  over  its  whole 
extent,  as  far  as  the  field  of  the  microscope  could  take  it  in. 
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Their  light  was  that  of  the  illuminating  colour,  but  differed 
considerably  in  brightness ;  some  of  the  points  being  dim  and 
faint,  while  others  were  luminous  and  brilliant.  The  brightest 
of  them  also,  admitted  of  a  little  variation  in  their  colour,  or 
rather  in  the  intensity  of  the  same  colour ;  for,  in  the  centre  of 
some  of  the  most  brilliant  of  these  lucid  appearances,  their  light 
had  more  vivacity,  and  seemed  to  deviate  from  the  illuminating 
tint  towards  whiteness,  while  on  and  near  the  circumference,  it 
appeared  to  take  a  deeper  hue. 

An  object  so  well  divided  by  nature,  into  very  minute  and 
differently-arranged  points,  on  which  the  attention  might  be 
fixed,  in  order  to  ascertain  whether  they  would  be  equally 
distinct  in  all  colours,  and  whether  their  number  would  be 
increased  or  diminished  by  different  degrees  of  illumination,  was 
exactly  what  I  wanted ;  nor  could  I  think  it  less  remarkable, 
that  all  the  other  objects  I  had  fixed  upon,  besides  many  more 
which  have  been  examined,  such  as  copper,  tin,  silver,  &c. 
presented  themselves  nearly  with  the  same  appearance.  In  the 
brass,  which  had  been  turned  in  a  lathe,  the  luminous  points  were 
arranged  in  furrows;  and  in  tin  they  were  remarkably  beautiful. 
The  result  of  the  examination  of  my  objects  was  as  follows. 

zd  Experiment.  Red  paper. 

In  the  red  rays,  I  view  a  bright  point  near  an  accidental 
black  spot  in  the  paper,  which  serves  me  as  a  mark;  and  I 
notice  the  space  between  the  point  and  the  spot:  it  contains 
several  faint  points. 

In  the  orange  rays,  I  see  better.  The  bright  point,  I  now 
perceive,  is  double. 

In  the  yellow  rays,  I  see  the  object  still  better. 

In  the  green  rays,  full  as  well  as  before. 


Digitized  by  Google 


of  the  prismatic  Colours  to  beat  and  illuminate  Objects.  265 
In  the  blue  rays,  very  well. 

In  the  indigo  rays,  not  quite  so  well  as  in  the  blue. 
In  the  violet  rays,  very  imperfectly. 
$d  Experiment.  Green  paper. 

Red.  I  fix  my  attention  on  many  faint  points,  in  a  space 
between  two  bright  double  points. 
Orange.    I  see  those  faint  points  better. 
Yellow.    Still  better. 

Green.    As  well  as  before.    I  see  remarkably  well. 
Blue.    Less  bright,  but  very  distinct. 
Indigo.    Not  well. 
Violet.  Bad. 

$tb  Experiment.  A  piece  of  very  clean  turned  brass. 

R.  I  remark  several  faint  luminous  points  between  two  bright 
ones.  The  colour  of  the  brass  makes  the  red  rays  appear  like 
orange. 

0.  I  see  better,  but  the  orange  colour  is  likewise  different 
from  what  it  ought  to  be;  however,  this  is  not,  at  present,  the 
object  of  my  investigation. 

Y.  I  see  still  better. 

G.  I  see  full  as  well  as  before. 

B.  I  do  not  see  so  well  now. 

1.  I  cannot  see  well. 

V.  Bad.  '  * 

$tb  Experiment.  A  nail. 

R.  I  remark  two  bright  points,  and  some  faint  ones. 
O.  Brighter  than  before;  and  more  points  visible.  Very 
distinct. 

Y.  Much  brighter  than  before;  and  more  points  and  lines 
visible.  Very  distinct. 
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G.  Full  as  bright ;  and  as  many  points  visible.  Very  distinct. 

B.  Much  less  bright.  Very  distinct. 

I.  Still  less  bright.  Very  distinct. 

V.  Much  less  bright  again.  Very  distinct. 

6tb  Experiment.  I  viewed  a  guinea,  at  g  feet  6  inches  from 
the  prism ;  and  adjusted  the  place  of  the  object  in  the  several 
rays,  by  the  shadow  of  the  guinea.  If  this  be  not  done,  decep- 
tions will  take  place. 

R.  Four  remarkable  points.  Very  distinct. 

0.  Better  illuminated.  Very  distinct. 

Y.  Still  better  illuminated.  Very  distinct.  The  points  all 
over  the  field  of  view  are  coloured ;  some  green ;  some  red ; 
some  yellow;  and  some  white,  encircled  with  black  about  them. 

Between  yellow  and  green  is  the  maximum  of  illumination. 
Extremely  distinct. 

G.  As  well  illuminated  as  the  yellow.  Very  distinct 

B.  Much  inferior  in  illumination.  Very  distinct. 

1.  Badly  illuminated.  Distinct. 

V.  Very  badly  illuminated.  I  can  hardly  see  the  object  at  all. 

ytb  Experiment.  The  nail  again,  at  8  feet  from  the  prism. 

R.  I  attended  to  two  bright  points,  with  faint  ones  between 
them.  Almost  all  the  points  in  the  field  of  view  are  red.  Very 
distinct. 

O.  I  see  all  the  points  better :  they  are  red,  green,  yellow, 
and  whitish,  with  black  about  them.  Very  distinct. 

Y.  I  see  better.  More  bright  points,  and  more  faint  ones: 
the  points  are  of  various  colours.  Very  distinct. 

G.  I  see  as  well.  The  points  are  mostly  green,  and  brightish- 
green,  inclining  to  white.  Very  distinct. 

B.  Much  worse  illuminated.  Very  distinct. 
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I.  Badly  illuminated.  Very  distinct. 
V.  There  is  hardly  any  illumination. 
Stb  Experiment.  The  nail  again,  at  9  feet  6  inches  from  the 
prism,  by  way  of  having  the  rays  better  separated. 

R.  Badly  illuminated.  The  bright  points  are  very  distinct 

0.  Much  better  illuminated.  The  bright  points  very  distinct. 
Y.  Still  better  illuminated.  All  points  extremely  distinct. 
G.  As  well  illuminated,  and  equally  distinct. 

B.  Badly  illuminated.  The  bright  points  are  distinct;  but  the 
others  are  not  so. 

1.  Very  badly  illuminated.  I  do  not  see  distinctly;  but  I 
believe  it  to  be  for  want  of  light. 

V.  So  badly  illuminated  that  I  cannot  see  the  object ;  or  at 
least  but  barely  perceive  that  it  exists. 

gtb  Experiment.  Black  paper,  at  8  feet  from  the  prism. 

R.  The  object  is  hardly  visible.  I  can  only  see  a  few  faint 
points. 

O.  I  see  several  bright  points,  and  many  faint  ones. 

Y.  Numberless  bright  and  small  faint  points. 

Between  yellow  and  green,  is  the  maximum  of  illumination. 

G.  The  same  as  the  yellow. 

B.  Very  indifferently  illuminated ;  but  not  so  bad  as  in  the 
red  rays, 
t  I  cannot  see  the  object. 
V.  Totally  invisible. 

From  these  observations,  which  agree  uncommonly  well,  with 
respect  to  the  illuminating  power  assigned  to  each  colour,  we 
may  conclude,  that  the  red-making  rays  are  very  far  from  hav- 
ing it  in  any  eminent  degree.  The  orange  possess  more  of  it 
than  the  red ;  and  the  yellow  rays  illuminate  objects  still  more 
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perfectly.  The  maximum  of  illumination  lies  in  the  brightest 
yellow,  or  palest  green.  The  green  itself  is  nearly  equally 
bright  with  the  yellow ;  but,  from  the  full  deep  green,  the  illu- 
minating power  decreases  very  sensibly.  That  of  the  blue  is 
nearly  upon  a  par  with  that  of  the  red ;  the  indigo  has  much 
less  than  the  blue ;  and  the  violet  is  very  deficient. 

With  regard  to  the  principle  of  distinctness,  there  appears  to 
be  no  deficiency  in  any  one  of  the  colours.  In  the  violet  rays, 
for  instance,  some  of  the  experiments  mention  that  I  saw 
badly;  but  this  is  to  be  understood  only  with  respect  to  the 
number  of  small  objects  that  could  be  perceived ;  for,  although  I 
saw  fewer  of  the  points,  those  which  remained  visible  were  always 
as  distinct  as,  in  so  feeble  an  illumination,  could  be  expected.  It 
must  indeed  be  evident,  that  by  removing  the  great  obstacle  to 
distinct  vision,  which  is,  the  different  refrangibility  of  the  rays 
of  light,  a  microscope  will  be  capable  of  a  much  higher  degree 
of  distinctness  than  it  can  be  under  the  usual  circumstances.  A 
celebrated  optical  writer  has  formerly  remarked,  that  a  fly,  illu- 
minated by  red  rays,  appeared  uncommonly  distinct,  and  that 
all  its  minute  parts  might  be  seen  in  great  perfection ;  and,  from 
the  experiments  which  have  been  related,  it  appears  that  every 
other  colour  is  possessed  of  the  same  advantage. 

I  am  well  aware  that  the  results  I  have  drawn  from  the  fore- 
going experiments,  both  with  regard  to  the  heating  and  illumi- 
nating powers  of  differently-coloured  rays,  must  be  affected  by 
some  little  inaccuracies.  The  prism,  under  the  circumstances 
in  which  I  have  used  it,  could  not  effect  a  complete  separation 
of  the  colours,  on  account  of  the  apparent  diameter  of  the  sun, 
and  the  considerable  breadth  of  the  prism  itself,  through  which 
the  rays  were  transmitted. 
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Perhaps  an  arrangement  like  that  in  Fig.  16,  of  the  New- 
tonian experiments,  might  be  employed ;  if  instruments  of  suf- 
ficient sensibility,  such  as  air  thermometers,  can  be  procured, 
that  may  be  affected  by  the  enfeebled  illumination  of  rays  that 
have  undergone  four  transmissions,  and  eight  refractions ;  and 
especially  when  their  incipient  quantity  has  been  so  greatly 
reduced,  in  their  limited  passage  through  a  small  hole  at  the  first 
incidence. 

But  it  appeared  most  expedient  for  me,  at  present,  to  neglect 
all  further  refinements,  which  may  be  attempted  hereafter  at 
leisure.  It  may  even  be  presumed  that,  had  there  not  been 
some  small  admixture  of  the  red  rays  in  the  other  colours,  the 
result  would  have  been  still  more  decisive,  with  regard  to  the 
power  of  heating  vested  in  the  red  rays.  And  it  is  likewise  evi- 
dent, that  at  least  the  red  light  of  the  prismatic  spectrum,  was 
much  less  adulterated  than  any  of  the  other  colours ;  their  re- 
fractions tending  all  to  throw  them  from  the  red.  That  the 
same  rays  which  occasion  the  greatest  heat,  have  not  the  power 
of  illumination  in  any  strong  degree,  stands  on  as  good  a  foun- 
dation. For,  since  here  also  they  have  undergone  the  fairest 
trial,  as  being  most  free  from  other  colours,  it  is  equally  proved 
tliat  they  illuminate  objects  but  imperfectly.  There  is  some 
probability  that  a  ray,  purified  in  the  Newtonian  manner  above 
quoted,  especially  in  a  well  darkened  room,  may  remain  bright 
enough  to  serve  the  purpose  of  microscopic  illumination,  in  which 
case,  more  precision  can  easily  be  obtained. 

The  greatest  cause  for  a  mixture  of  colours,  however,  which 
is,  the  breadth  of  the  prism,  I  saw  might  easily  be  removed ; 
therefore,  on  account  of  the  coloured  points,  which  have  been 
mentioned  in  the  6th  and  7th  experiments,  I  was  willing  to  try 
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whether  they  proceeded  from  this  mixture ;  and  therefore  co- 
vered the  prism  in  front  with  a  piece  of  pasteboard,  having  a 
slit  in  it  of  about     of  an  inch  broad. 

loth  Experiment.  The  nail,  at  9  feet  2  inches  from  the  prism. 

R.  I  fix  my  attention  on  two  shining,  red  points ;  they  are 
pretty  bright. 

O.  I  see  many  more  points.  The  object  is  better  illuminated 
than  in  the  red.  The  points  are  surrounded  by  black ;  but  are 
orange-coloured. 

Y.  The  points  now  are  yellow,  and  white  surrounded  by 
black.  The  object  is  better  illuminated  than  in  orange. 

The  maximum  of  illumination  is  in  the  brightest  yellow,  or 
palest  green. 

G.  The  points  are  green  and  white,  as  before  surrounded  by 
black.  Better  illuminated  than  in  orange. 
B.  The  illumination  is  nearly  equal  to  red. 
L  Very  indifferently  illuminated. 
V.  Very  badly  illuminated. 

The  phenomena  of  the  differently-coloured  points  being  now 
completely  resolved,  since  they  were  plainly  owing  to  the  former 
admixture  of  colours,  and  the  illuminating  power  remaining 
ascertained  as  before,  I  attempted  also  to  repeat  the  experiments 
upon  the  thermometer,  with  the  prism  covered  in  the  same 
manner ;  but  I  found  the  effect  of  the  coloured  rays  too  much 
enfeebled  to  give  a  decisive  result. 

I  might  now  proceed  to  my  next  subject ;  but  it  may  be  par- 
donable if  I  digress  fur  a  moment,  and  remark,  that  the  foregoing 
researches  ought  to  lead  us  on  to  others.  May  not  the  chemical 
properties  of  the  prismatic  colours  be  as  different  as  those  which 
relate  to  light  and  heat  ?  Adequate  methods  for  an  investigation 
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of  them  may  easily  be  found;  and  we  cannot  too  minutely 
enter  into  an  analysis  of  light,  which  is  the  most  subtle  of  all 
the  active  principles  that  are  concerned  in  the  mechanism  of 
the  operations  of  nature.  A  better  aoquaintanoe  with  it  may 
enable  us  to  account  for  various  facts  that  fall  under  our  daily 
observation,  but  which  have  hitherto  remained  unexplained.  If 
the  power  of  heating,  as  we  now  see,  be  chiefly  lodged  in  the 
red-making  rays,  it  accounts  for  the  comfortable  warmth  that 
is  thrown  out  from  a  fire,  when  it  is  in  the  state  of  a  red  glow ; 
and  for  the  heat  which  is  given  by  charcoal,  coke,  and  balls  of 
small-coal  mixed  up  with  clay,  used  in  hot-houses ;  all  which, 
it  is  well  known,  throw  out  red  light.  It  also  explains  the 
reason  why  the  yellow,  green,  blue,  and  purple  flames  of  burn- 
ing spirits  mixed  with  salt,  occasion  so  little  heat  that  a  hand 
is  not  materially  injured,  when  passed  through  their  corusca- 
tions. If  the  chemical  properties  of  colours  also,  when  ascer- 
tained, should  be  such  that  an  acid  principle,  for  instance,  which 
has  been  ascribed  to  light  in  general,  on  account  of  its  changing 
the  complexion  of  various  substances  exposed  to  it,  may  reside 
only  in  one  of  the  colours,  while  others  may  prove  to  be  dif- 
ferently invested,  it  will  follow,  that  bodies  may  be  variously 
affected  by  light,  according  as  they  imbibe  and  retain,  or  transmit 
and  reflect,  the  different  colours  of  which  it  is  composed. 


Radiant  Heat  is  of  different  Ref t  angibility. 

I  must  now  remark,  that  my  foregoing  experiments  ascertain 
beyond  a  doubt,  that  radiant  heat,  as  well  as  light,  whether 
they  be  the  same  or  different  agents,  is  not  only  refrangible, 
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but  is  also  subject  to  the  laws  of  the  dispersion  arising  from  its 
different  refrangibility  ;  and,  as  this  subject  is  new,  I  may  be 
permitted  to  dwell  a  few  moments  upon  it.  The  prism  refracts 
radiant  heat,  so  as  to  separate  that  which  is  less  efficacious,  from 
that  which  is  more  so.    The  whole  quantity  of  radiant  heat 
contained  in  a  sun-beam,  if  this  different  refrangibility  did  not 
exist,  must  inevitably  fall  uniformly  on  a  space  equal  to  the  area 
of  the  prism ;  and,  if  radiant  heat  were  not  refrangible  at  all,  it 
would  fall  upon  an  equal  space,  in  the  place  where  the  shadow 
of  the  prism,  when  covered,  may  be  seen.  But,  neither  of  these 
events  taking  place,  it  is  evident  that  radiant  heat  is  subject  to 
the  laws  of  refraction,  and  also  to  those  of  the  different  refran- 
gibility of  light.   May  not  this  lead  us  to  surmise,  that  radiant 
heat  consists  of  particles  of  light  of  a  certain  range  of  momenta, 
and  which  range  may  extend  a  little  farther,  on  each  side  of 
refrangibility,  than  that  of  light?  We  have  shewn,  that  in  a 
gradual  exposure  of  the  thermometer  to  the  rays  of  the  prismatic 
spectrum,  beginning  from  the  violet,  we  come  to  the  maximum 
of  light,  long  before  we  come  to  that  of  heat,  which  lies  at  the 
other  extreme.   By  several  experiments,  which  time  will  not 
allow  me  now  to  report,  it  appears  that  the  maximum  of  illumi- 
nation has  little  more  than  half  the  heat  of  the  full  red  rays ; 
and,  from  other  experiments,  I  likewise  conclude,  that  the  full 
red  falls  still  short  of  the  maximum  of  heat;  which  perhaps 
lies  even  a  little  beyond  visible  refraction.  In  this  case,  radiant 
heat  will  at  least  partly,  if  not  chiefly,  consist,  if  I  may  be  per- 
mitted the  expression,  of  invisible  light;  that  is  to  say,  of  rays 
coming  from  the  sun,  that  have  such  a  momentum  as  to  be 
unfit  for  vision.  And,  admitting,  as  is  highly  probable,  that  the 
organs  of  sight  are  only  adapted  to  receive  impressions  from 
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particles  of  a  certain  momentum,  it  explains  why  the  maximum 
of  illumination  should  be  in  the  middle  of  the  refrangible  rays; 
as  those  which  have  greater  or  less  momenta,  are  likely  to 
become  equally  unfit  for  impressions  of  sight.  Whereas,  in 
radiant  heat,  there  may  be  no  such  limitation  to  the  momentum 
of  its  particles.  From  the  powerful  effects  of  a  burning  lens, 
however,  we  gather  the  information,  that  the  momentum  of 
terrestrial  radiant  heat  is  not  likely  to  exceed  that  of  the  sun ; 
and  that,  consequently,  the  refrangibility  of  calorific  rays 
cannot  extend  much  beyond  that  of  colourific  light.  Hence  we 
may  also  infer,  that  the  invisible  heat  of  red-hot  iron,  gradually 
cooled  till  it  ceases  to  shine,  has  the  momentum  of  the  invisible 
rays  which,  in  the  solar  spectrum  viewed  by  day-light,  go  to 
the  confines  of  red ;  and  this  will  afford  an  easy  solution  of  the 
reflection  of  invisible  heat  by  concave  mirrors. 


Application  of  the  Result  of  the  foregoing  Observations,  to  the 
Method  of  viewing  the  Sun  advantageously,  with  Telescopes  of 
large  Apertures  and  high  magnifying  Powers. 

Some  time  before  the  late  transit  of  Mercury  over  the  disk 
of  the  sun,  I  prepared  my  7-feet  telescope,  in  order  to  see  it  to 
the  best  advantage.  As  I  wished  to  keep  the  whole  aperture  of 
the  mirror  open,  I  soon  cracked  every  one  of  the  darkening  slips 
of  wedged  glasses,  which  are  generally  used  with  achromatic 
telescopes :  none  of  them  could  withstand  the  accumulated 
heat  in  the  focus  of  pencils,  where  these  glasses  are  generally 
placed.  Being  thus  left  without  resource,  I  made  use  of  red 
glasses ;  but  was  by  no  means  satisfied  with  their  performance. 
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My  not  being  better  prepared,  as  it  happened,  was  of  no  conse- 
quence ;  the  weather  proving  totally  unfavourable  for  viewing 
the  sun  at  the  time  of  the  transit.  However,  as  I  was  fully 
aware  of  the  necessity  of  providing  an  apparatus  for  this  pur- 
pose, since  no  method  that  was  in  use  could  be  applied  to  my 
telescopes,  I  took  the  first  opportunity  of  beginning  my  trials. 

The  instrument  I  wished  to  adapt  for  solar  inspection,  was  a 
Newtonian  reflector,  with  9  inches  aperture ;  and  my  aim  was, 
to  use  the  whole  of  it  open. 

I  began  with  a  red  glass ;  and,  not  finding  it  to  stop  light 
enough,  took  two  of  them  together.  These  intercepted  full  as 
much  light  as  was  necessary;  but  I  soon  found  that  the  eye 
could  not  bear  the  irritation,  from  a  sensation  of  heat,  which  it 
appeared  these  glasses  did  not  stop. 

I  now  took  two  green  glasses ;  but  found  that  they  did  not 
intercept  light  enough.  I  therefore  smoked  one  of  them ;  and  it 
appeared  that,  notwithstanding  they  now  still  transmitted  con- 
siderably more  light  than  the  red  glasses,  they  remedied  the 
former  inconvenience  of  an  irritation  arising  from  heat.  Re- 
peating these  trials  several  times,  I  constantly  found  the  same 
result ;  and,  the  sun  in  the  first  case  being  of  a  deep  red  colour, 
I  surmised  that  the  red-making  rays,  transmitted  through  red 
glasses,  were  more  efficacious  in  raising  a  sensation  of  heat, 
than  those  which  passed  through  green,  and  which  caused  the 
sun  to  look  greenish.  In  consequence  of  this  surmise,  I  under- 
took the  investigations  which  have  been  delivered  under  the 
two  first  heads. 

As  soon  as  I  was  convinced  that  the  red  light  of  the  sun 
ought  to  be  intercepted,  on  account  of  the  heat  it  occasions,  and 
that  it  might  also  be  safely  set  aside,  since  it  was  now  proved 
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that  pale  green  light  excels  in  illumination,  the  method  which 
ought  to  be  pursued  in  the  construction  of  a  darkening  appa- 
ratus was  sufficiently  pointed  out ;  and  nothing  remained  but 
to  find  such  materials  as  would  give  us  the  colour  of  the  sun, 
viewed  in  a  telescope,  of  a  pale  green  light,  sufficiently  tem- 
pered for  the  eye  to  bear  its  lustre. 

To  determine  what  glasses  would  most  effectually  stop  the 
red  rays,  I  procured  some  of  all  colours,  and  tried  them  in  the 
following  manner. 

I  placed  a  prism  in  the  upper  part  of  a  window,  and  received 
its  coloured  spectrum  upon  a  sheet  of  white  paper.  Then  I 
intercepted  the  colours,  just  before  they  came  to  the  paper, 
successively,  by  the  glasses,  and  found  the  result  as  follows. 

A  deep  red  glass  intercepted  all  the  rays. 

A  paler  red  did  the  same. 

From  this,  we  ought  not  to  conclude  that  red  glasses  will 
stop  the  red  rays ;  but  rather,  that  none  of  the  sun's  light,  after 
its  dispersion  by  the  prism,  remains  intense  enough  to  pass 
through  red  glasses,  in  sufficient  quantity  to  be  perceptible, 
when  it  comes  to  the  paper.  By  looking  through  them  directly 
at  the  sun,  or  even  at  day  objects,  it  is  sufficiently  evident  that 
they  transmit  chiefly  red  rays. 

An  orange  glass  transmitted  nearly  all  the  red,  the  orange, 
and  the  yellow.  It  intercepted  some  of  the  green ;  much  of  the 
blue ; .  and  very  little  of  the  indigo  and  violet. 

A  yellow  glass  intercepted  hardly  any  light,  of  any  one  of 
the  colours. 

A  dark  green  glass  intercepted  nearly  all  the  red,  and  partly 
also  the  orange  and  yellow.  It  transmitted  the  green ;  inter- 
cepted much  of  the  blue;  but  none  of  the  indigo  and  violet. 
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A  darker  green  glass  intercepted  nearly  all  the  red;  much 
of  the  orange;  and  a  little  of  the  yellow.  It  transmitted  the 
green ;  stopped  some  of  the  blue ;  but  transmitted  the  indigo 
and  violet. 

A  blue  glass  intercepted  much  of  the  red  and  orange;  some 
of  the  yellow ;  hardly  any  of  the  green ;  none  of  the  blue, 
indigo,  or  violet 

A  purple  glass  transmitted  some  of  the  red ;  a  very  little  of 
the  orange  and  yellow :  it  also  transmitted  a  little  of  the  green 
and  blue ;  but  more  of  the  indigo  and  violet. 

From  these  experiments  we  see,  that  dark  green  glasses  are 
most  efficacious  for  intercepting  red  light,  and  will  therefore 
answer  one  of  the  intended  purposes ;  but  since,  in  viewing  the 
sun,  we  have  also  its  splendour  to  contend  with,  I  proceeded  to 
the  following  additional  trials. 

White  glass,  lightly  smoked,  apparently  intercepted  an  equal 
share  of  all  the  colours ;  and,  when  the  smoke  was  laid  on 
thicker,  it  permitted  none  of  them  to  pass. 

Hard  pitch,  melted  between  two  white  glasses,  intercepted 
much  light;  and,  when  put  on  sufficiently  thick,  transmitted 
none. 

Many  differently-coloured  fluids,  that  were  also  tried,  I  found 
were  not  sufficiently  pure  to  be  used,  when  dense  enough  to 
stop  light. 

Now,  red  glasses,  and  the  two  last-mentioned  resources  of 
smoke,  and  pitch,  any  one  of  which,  it  has  been  seen,  will  stop 
as  much  light  as  may  be  required,  had  still  a  remaining  trial  to 
undergo,  relating  to  distinctness;  but  this  I  was  convinced 
could  only  be  decided  by  actual  observations  of  the  sun. 

As  an  easy  way  of  smoking  glasses  uniformly  is  of  some 
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consequence  to  distinct  vision,  it  may  be  of  service  here  to  give 
the  proper  directions,  how  to  proceed  in  the  operation. 

With  a  pair  of  warm  pliers,  take  hold  of  the  glass,  and  place 
it  over  a  candle,  at  a  sufficient  distance  not  to  contract  smoke. 
When  it  is  heated,  but  no  more  than  still  to  permit  a  finger  to 
touch  the  edges  of  it,  bring  down  the  glass,  at  the  side  of  the 
flame,  as  low  as  the  wick  will  permit,  which  must  not  be 
touched.  Then,  with  a  quick  vibratory  motion,  agitate  it  in  the 
flame  from  side  to  side;  at  the  same  time  advancing  and  retiring 
it  gently  all  the  while.  By  this  method,  you  may  proceed  to 
lay  on  smoke  to  any  required  darkness.  It  ought  to  be  viewed 
from  time  to  time,  not  only  to  see  whether  it  be  sufficiently 
dark,  but  whether  any  inequality  may  be  perceived ;  for,  if  that 
should  happen,  it  will  not  be  proper  to  go  on. 

The  smoke  of  sealing-wax  is  bad :  that  of  pitch  is  worse,  A 
wax  candle  gives  a  good  smoke ;  but  that  of  a  tallow  candle  is 
better.  As  good  as  any  I  have  hitherto  met  with,  is  the  smoke 
of  spermaceti  oil.  In  using  a  lamp,  you  may  also  have  the 
advantage  of  an  even  flame  extended  to  any  length. 


Telescopic  Experiments. 

No.  1.  By  way  of  putting  my  theory  to  the  trial,  I  used  two 
red  glasses,  and  found  that  the  heat  which  passed  through  them 
could  not  be  suffered  a  moment;  but  I  was  now  also  convinced 
that  distinctness  of  vision  is  capitally  injured,  by  the  colouring 
matter  of  these  glasses. 

No.  2.  I  smoked  a  white  glass,  till  it  stopped  light  enough  to 
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permit  the  eye  to  bear  the  sun.  This  destroyed  all  distinctness; 
and  also  permitted  some  heat  to  come  to  the  eye,  by  transmit- 
ting chiefly  red  rays. 

No.  3.  I  applied  two  white  glasses,  with  pitch  between  them, 
to  the  telescope ;  and  found  that  it  made  the  sun  appear  of  a 
scarlet  colour.  They  transmitted  some  heat ;  and  distinctness 
was  greatly  injured. 

No  4.  I  used  a  very  dark  green  glass,  to  stop  heat ;  and 
behind  it,  or  towards  the  eye,  I  placed  a  red  glass,  to  stop  light. 
The  first  glimpse  I  had  of  the  sun,  was  accompanied  with  a 
sensation  of  heat ;  distinctness  also  was  materially  injured. 

No.  5.  I  used  a  dark  green  and  a  pale  red ;  but,  the  sun  not 
being  sufficiendy  darkened,  I  smoked  the  red  glass,  and,  put- 
ting a  small  partition  between  the  two,  placed  the  smoke 
towards  the  green  glass.  This  took  off  the  exuberance  of  light; 
but  did  not  remedy  the  inconvenience  arising  from  heat. 

No.  6.  I  used  two  pale  green  glasses ;  smoking  that  next  to 
the  eye,  and  placing  it  as  in  No.  5,  so  that  the  smoke  might  be 
inclosed  between  the  two.  This  acted  incomparably  well ;  but* 
in  a  very  short  time,  the  heat  which  passed  the  first  glass, 
(though  not  the  second,  for  I  felt  no  sensation  of  it  in  the  eye,) 
disordered  the  smoke,  by  drawing  it  up  into  little  blisters  or 
stars,  which  let  through  light ;  and  this  composition,  therefore, 
soon  became  useless. 

No.  7.  I  used  two  dark  green  glasses,  one  of  them  smoked, 
as  in  No.  5.  These  also  acted  well ;  but  became  useless,  for  the 
reason  assigned  in  No.  6,  though  somewhat  less  smoke  had 
been  required  than  in  the  former  composition.  I  felt  no  heat. 

No.  8.  I  used  one  pale  green,  with  a  dark  green  smoked 
glass  upon  it,  as  in  No.  5.  It  bore  an  aperture  of  4  inches  very 
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well,  and  the  smoke  was  not  disordered ;  but,  when  all  the  tube 
was  open,  the  pale  green  glass  cracked  in  a  few  minutes. 

No.  9.  Placing  now  a  dark  green  before  a  smoked  green,  I 
saw  the  sun  remarkably  well.  In  this,  experiment,  I  had  made 
a  difference  in  the  arrangement  of  the  apparatus.  The  cracking 
of  the  glasses,  I  supposed,  might  be  owing  to  their  receiving 
heat  in  the  middle,  while  the  outside  remained  cold;  which 
would  occasion  a  partial  dilatation.  I  therefore  cut  them  into 
pieces  about  a  quarter  of  an  inch  square,  and  set  three  of  them 
in  a  slider,  so  that  I  could  move  them  behind  the  smoked  glass, 
without  disturbing  it.  After  looking  about  three  or  four  minutes 
through  one  of  them,  I  moved  the  slider  to  the  second,  and  then 
to  the  third.  This  kept  the  glasses  sufficiently  cool ;  but  the 
disturbance  of  the  alterations  proved  hurtful  to  vision,  which 
requires  repose ;  and,  if  perchance  I  stopped  a  little  longer  than 
the  proper  time,  the  glass  cracked,  with  a  very  disagreeable 
explosion,  that  endangered  the  eye. 

No.  10.  Two  dark  green  glasses,  both  smoked,  that  a  thinner 
coat  might  be  on  each ;  but  the  smoke  still  contracted  blisters, 
though  less  dense  than  before. 

No.  11.  To  get  rid  of  smoke  intirely,  I  used  two  dark  green 
glasses,  two  very  dark  green,  two  pale  blue,  and  one  pale  green 
glass,  together.  Distinctness  was  wanting;  nor  was  light  suffi- 
ciently intercepted. 

No.  12.  A  dark  green  and  a  pale  blue  glass,  smoked.  The 
green  glass  cracked. 

No.  13.  A  pale  blue  and  a  dark  green  glass,  smoked.  The 
blue  glass  cracked.  The  eye  felt  no  sensation  of  heat. 

No.  14.  Two  pale  blue  glasses,  one  smoked.  The  first  glass 
cracked. 
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It  was  now  sufficiently  evident,  that  no  glass  which  stops 
heat,  and  therefore  receives  it,  could  be  preserved  from  cracking, 
when  exposed  to  the  focus  of  pencils.  This  induced  me  to  try 
an  application  of  the  darkening  apparatus  to  another  part  of  the 
telescope. 

The  place  where  the  rays  are  least  condensed,  without  inter- 
fering with  the  reflections  of  the  mirrors,  is  immediately  close 
to  the  small  one.  I  therefore  screwed  an  apparatus  to  the  spe- 
culum arm,  into  which  any  glass  might  be  placed. 

No.  15.  A  dark  green  glass  close  to  the  small  speculum,  and  . 
smoked  pale  green  in  the  focus  of  pencils,  as  before.    1  saw 
remarkably  well. 
'  .  No.  16.  The  dark  green  as  before;  but,  that  more  light  might 
be  admitted,  a  white  smoked  glass  near  the  eye.  Better  than- 
No.  15 ;  but  the  green  glass  cracked. 

No.  1 7.  A  very  dark  green  and  white  smoked  glass,  as 
before.  Very  distinct,  but  the  green  glass  cracked  in  about  six 
or  seven  minutes. 

No.  18.  A  dwrk  blue  glass,  as  in  No.  15,  and  white  smoked. 
This  was  distinct;  and  no  heat  came,  to  the  eye,  The  sun 
appeared  ruddy. 

No.  19.  A  dark  blue  and  a  yellow  glass,  close  together,  as  in 
No.  15,  and  a  whit<?  smoked  one,  as  before.  This  was  not 
distinct. 

No.  20.  A  purple  glass,  as  in  No.  15,  with  a  white  smoked 
one.  This  gave  the  sun  of  a  deep  orange  colour,  approaching 
to  scarlet    It  was  not  distinct. 

No.  si.  An  orange  glass,  as  in  No.  15,  with  a  white  smoked 
one.  The  colour  of  the  sun  was  too  red. 

No.  *2.  A  white  smoked  glass,  as  in  No.  15,  without  any 
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other  at  the  eye.  This  gave  the  sun  of  a  beautiful  orange  colour; 
but  distinctness  was  totally  destroyed. 

No.  23.  The  heat  near  the  small  speculum  being  still  too 
powerful  for  the  glasses,  I  had  a  bluish  dark  green  glass  made 
of  a  proper  diameter  to  be  inclosed  between  the  two  eye-glasses 
of  a  double  eye-piece.  All  glass  I  knew  would  stop  some  heat ; 
and  was  therefore  in  hopes  that  the  interposition  of  this  eye- 
glass would  temper  the  rays,  so  as  in  some  measure  to  protect 
the  coloured  glass.  In  the  usual  place  near  the  eye,  I  put  two 
white  glasses,  with  a  thin  coat  of  pitch  between  them.  These 
glasses,  when  looked  through  by  the  natural  eye,  give  the  sun 
of  a  red  colour;  I  therefore  entertained  no  great  hopes  of 
their  application  to  the  telescope.  They  darkened  the  sun  not 
sufficiently ;  and,  when  the  pitch  was  thickened,  distinctness 
'     was  wanting. 

No.  24.  The  same  glass  between  the  eye-glasses,  and  a  dark 
green  smoked  glass  at  the  eye.  Very  distinct.  This  arrangement 
is  preferable  to  that  of  No.  15 ;  after  some  considerable  time, 
however,  this  glass  also  cracked. 

No.  25.  I  placed  a  very  dark  green  glass  behind  the  second 
eye-glass,  that  it  might  be  sheltered  by  both  glasses,  which  in 
my  double  eye-piece  are  close  together,  and  of  an  equal  focal 
length.  Here,  as  the  rays  are  not  much  concentrated,  the 
coloured  glass  receives  them  on  a  large  surface,  and  stops  light 
and  heat,  in  the  proportion  of  the  squares  of  its  diameter  now 
used,  to  that  on  which  the  rays  would  have  fallen,  had  it  been 
placed  in  the  focus  of  pencils.  And,  for  the  same  reason,  I  now 
also  placed  a  dark  green  smoked  glass  close  upon  the  former, 
with  the  smoked  side  towards  the  eye,  that  the  smoke  might 
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likewise  be  protected  against  heat,  by  a  passage  of  the  rays 
through  two  surfaces  of  coloured  glass. 

This  position  had  moreover  the  advantage  of  leaving  the 
telescope,  with  its  mirrors  and  glasses,  completely  to  perform 
its  operation,  before  the  application  of  the  darkening  apparatus  ; 
and  thus  to  prevent  the  injury  which  must  be  occasioned,  by 
the  interposition  of  the  heterogeneous  colouring  matter  of  the 
glasses  and  of  the  smoke. 

No.  26.  I  placed  a  deep  blue  glass  with  a  bluish  green 
smoked  one  upon  it,  as  in  No.  25,  and  found  the  sun  of  a  whiter 
colour  than  with  the  former  composition.  There  was  no  disa- 
greeable sensation  of  heat ;  though  a  little  warmth  might  be 
felt. 

No.  27.  I  used  two  black  glasses,  placed  as  in  No.  25.  Here 
there  was  no  occasion  for  smoke;  but  the  sun  appeared  of  a 
bright  scarlet  colour,  and  an  intolerable  sensation  of  heat  took 
place  immediately.  I  rather  suspect  that  these  are  very  deep  red 
glasses,  though  their  outward  appearance  is  black. 

In  order  to  have  a  more  sure  criterion  of  heat,  I  applied  Dr. 
Wilson's  thermometer,  No.  2,  to  the  end  of  the  eye-piece, 
where  the  eye  is  generally  placed.  With  No.  25,  it  rose  from 
34  to  37  degrees.  With  No.  26,  it  rose  from  35  to  46 ;  and, 
with  No.  27,  it  rose,  very  quickly,  from  36  to  95  degrees.  I  am 
pretty  sure  it  would  have  mounted  up  still  higher;  but,  the  scale 
extending  only  to  a  00,  I  was  not  willing  to  run  the  risk  of 
breaking  the  thermometer  by  a  longer  exposure. 

It  remains  now  only  to  be  added,  that  with  No.  25  and  26  I 
have  seen  uncommonly  well ;  and  that,  in  a  long  series  of  very 
interesting  observations  upon  the  sun,  which  will  soon  be 
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communicated,  the  glasses  have  met  with  no  accident.  How- 
ever, when  the  sun  is  at  a  considerable  altitude,  it  will  be 
advisable  to  lessen  the  aperture  a  little,  in  telescopes  that  have 
so  much  light  as  my  10-feet  reflector;  or,  which  will  give  us 
more  distinctness,  to  view  the  sun  earlier  in  the  morning,  and 
later  in  the  afternoon ;  for,  the  light  intercepted  by  the  atmo- 
sphere in  lower  altitudes,  will  reduce  its  brilliancy  much  more 
uniformly  than  we  can  soften  it,  by  laying  on  more  smoke  upon 
our  darkening  glasses.  Now,  as  few  instruments  in  common 
use  are  so  large  as  that  to  which  this  method  of  darkening  has 
been  adapted,  we  may  hope  that  it  will  be  of  general  utility  in 
solar  observations. 

Slough,  near  Windsor, 
March  8, 1800. 


Digitized  by  Google 


XIV.  Experiments  on  the  Refrangibility  of  the  invisible  Rays  of  the 
Sun.  By  William  Herschel,  LL.  D.  F.  R.  S. 

Read  April  24,  1800. 

*  1 

In  that  section  of  my  former  paper  which  treats  of  radiant  heat, 
It  was  hinted,  though  from  imperfect  experiments,  that  the  range 
of  its  refrangibility  is  probably  more  extensive  than  that  of  the 
prismatic  colours  ;  but,  having  lately  had  some  favourable  sun- 
shine, and  obtained  a  sufficient  confirmation  of  the  same,  it  will 
be  proper  to  add  the  following  experiments  to  those  which  have 
been  given. 

I  provided  a  small  stand,  with  four  short  legs,  and  covered  it 
with  white  paper.*  On  this  I  drew  five  lines,  parallel  to  one  end 
of  the  stand,  at  half  an  inch  distance  from  each  other,  but  so 
that  the  first  of  the  lines  might  only  be  £  of  an  inch  from  the 
edge.  These  lines  I  intersected  at  right  angles  with  three  others ; 
the  2d  and  3d  whereof  were,  respectively,  at  2-J-  and  at  4  inches 
from  the  first. 

The  same  thermometers  that  have  before  been  marked 
No.  1,2,  and  3,  mounted  upon  their  small  inclined  planes,  were 
then  placed  so  as  to  have  the  centres  of  the  shadow  of  their 
balls  thrown  on  the  intersection  of  these  lines.  Now,  setting 
my  little  stand  upon  a  table,  I  caused  the  prismatic  spectrum  to 
fall  with  its  extreme  col  ;ur  upon  the  edge  of  the  paper,  so  that 
none  might  advance  beyond  the  first  line.  In  this  arrangement, 

•  Sec  Plate  XI. 
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all  the  spectrum,  except  the  vanishing  last  quarter  of  an  inch, 
which  served  as  a  direction,  passed  down  by  the  edge  of  the 
stand,  and  could  not  interfere  with  the  experiments.  I  had  also 
now  used  the  precaution  of  darkening  the  window  in  which  the 
prism  was  placed,  by  fixing  up  a  thick  dark  green  curtain,  to 
keep  out  as  much  light  as  convenient. 

The  thermometers  being  perfectly  settled  at  the  temperature 
of  the  room,  I  placed  the  stand  so  that  part  of  the  red  colour, 
refracted  by  the  prism,  fell  on  the  edge  of  the  paper,  before  the 
thermometer  No.  1,  and  about  half  way,  or  i£  inch,  towards 
the  second :  it  consequently  did  not  come  before  that,  or  the 
3d  thermometer,  both  which  were  to  be  my  standards.  During 
the  experiment,  I  kept  the  last  termination  of  visible  red 
carefully  to  the  first  line,  as  a  limit  assigned  to  it,  by  gently 
moving  the  stand  when  required ;  and  found  the  thermometers, 
which  were  all  placed  on  the  second  line,  affected  as  follows. 


No.  1. 

No.  2. 

No.  3. 

45 

45 

44 

49 

45 

-  44 

5i 

-      44i  - 

44 

5°i  - 

-      4Si  - 

43i 

Here  the  thermometer  No.  1  rose  6±  degrees,  in  10  minutes, 
when  its  centre  was  placed  \  inch  beyond  visible  light. 

In  order  to  have  a  confirmation  of  this  fact,  I  cooled  the 
thermometer  No.  1,  and  placed  No.  2  in  the  room  of  it :  I  also 
put  No.  3  in  the  place  of  No.  2,  and  No.  1  in  that  of  No.  3 ; 
and,  having  exposed  them  as  before,  arranged  on  the  second 
line,  I  had  the  following  result. 
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No.  2.  No.  3.  No.  1, 

44  44  -  -  45 

47  44  -  -  45 

461  -      -      44  -  "  45 

46i  -       "      44  45 

Here  the  thermometer  No.  2  rose  2  J  degrees,  in  12  minutes; 
and  being,  as  has  been  noticed  before,  much  more  sensible  than 
No.  1,  it  came  to  the  temperature  of  its  situation  in  a  short  time; 
but  I  left  it  exposed  longer,  on  purpose  to  be  perfectly  assured 
of  the  result.  Its  shewing  but  2^  degrees  advance,  when  No.  1 
shewed      has  also  been  accounted  for  before. 

It  being  now  evident  that  there  was  a  refraction  of  rays  coming 
from  the  sun,  which,  though  not  fit  for  vision,  were  yet  highly 
invested  with  a  power  of  occasioning  heat,  I  proceeded  to  ex- 
amine its  extent  as  follows. 

The  thermometers  were  arranged  on  the  third  line,  instead 
of  the  second ;  and  the  stand  was,  as  before,  immersed  up  to  the 
first,  in  the  coloured  margin  of  the  vanishing  red  rays.  The 
result  was  thus. 

No.  1.  No.  2.  No.  3. 

46        -      -      4$      -      -  45| 
50  4fil     -  46 

51*  -  -  4^i  -  -  46* 
5*t      -      -      47  4>6i 

Here  the  thermometer  No.  1  rose  5^  degrees,  in  13  minutes, 
at  1  inch  behind  the  visible  light  of  the  red  rays. 

I  placed  now  the  thermometers  on  the  4th  line,  instead  of 
the  3d ;  and,  proceeding  as  before,  I  had  the  following  result. 


Digitized  by  Google 


of  the  invisible  Rays  of  the  Sun.  287 

No.  1.  No.  2.  No.  3. 

43i      -      •      4&      -      -  47i 

Therefore,  the  thermometer  No.  1  rose  degree,  in  10 
minutes,  at  1^  inch  beyond  the  visible  light  of  the  red  rays. 

I  might  now  have  gone  on  to  the  5th  line ;  but,  so  fine  a  day, 
with  regard  to  clearness  of  sky  and  perfect  calmness,  was  not 
to  be  expected  often,  at  this  time  of  the  year;  I  therefore 
hastened  to  make  a  trial  of  the  other  extreme  of  the  prismatic 
spectrum.  This  was  attended  with  some  difficulty,  as  the  illu- 
mination of  the  violet  rays  is  so  feeble,  that  a  precise  termination 
of  it  cannot  be  perceived.  However,  as  well  as  could  be  judged, 
I  placed  the  thermometers  one  inch  beyond  the  reach  of  the 
violet  rays,  and  found  the  result  as  follows. 

No.  1.  No.  2.  No.  3. 

48                      48  -  -  47i 

48  -  -      48  -  -  47* 

48  "  "      47i  -  -  47 

48;  -  -      47i  -  -  47 

48  -  -      48  -  -  47* 

Here  the  several  indications  of  the  thermometers,  two  of 
which,  No.  1  and  2,  were  used  as  variable,  while  the  3d  was 
kept  as  the  standard,  were  read  off  during  a  time  that  lasted 
12  minutes  ;  but  they  afford,  as  may  be  seen  by  inspection,  no 
ground  for  ascribing  any  of  their  small  changes  to  other  causes 
than  the  accidental  disturbance  which  will  arise  from  the  motion 
of  the  air,  in  a  room  where  some  employment  is  carried  on. 

I  exposed  the  thermometer  now  to  the  line  of  the  very  first 
perceptible  violet  light ;  but  so  that  No.  1  and  2  might  again 
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be  in  the  illumination,  while  No.  3  remained  a  standard.  The 
result  proved  as  follows. 

No.  1.  No.  s.  No.  3. 

43       -      -      48  47i 

48*      -      -      48        -  47* 

4H  -  -  4§i  -  -  471 
49  47* 

Here  the  thermometer  No.  1  rose  1  degree,  in  15  minutes; 
and  No.  2  rose  \  degree,  in  the  same  time. 

From  these  last  experiments,  I  was  now  sufficiently  persuaded, 
that  no  rays  which  might  fall  beyond  the  violet,  could  have 
any  perceptible  power,  either  of  illuminating  or  of  heating ;  and 
that  both  these  powers  continued  together  throughout  the  pris- 
matic spectrum,  and  ended  where  the  faintest  violet  vanishes. 

A  very  material  point  remained  still  to  be  determined,  which 
was,  the  situation  of  the  maximum  of  the  heating  power. 

As  I  knew  already  that  it  did  not  lie  on  the  violet  side  of  the 
red,  I  began  at  the  full  red  colour,  and  exposed  my  thermometers, 
arranged  on  a  line,  so  as  to  have  the  ball  of  No.  1  in  the  midst 
of  its  rays,  while  the  other  two  remained  at  the  side,  unaffected 
by  them. 

No.  1.  No.  2.  No.  3. 

484  -  -  481  -  48 
55i  -      48£      -      -  48 

55i-  48£       -       -  48 

Here  the  thermometer  No.  1  rose  7  degrees,  in  10  minutes,  by 
an  exposure  to  the  full  red  coloured  rays. 

I  drew  back  the  stand,  till  the  centre  of  the  ball  of  No.  1  was 
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just  at  the  vanishing  of  the  red  colour,  so  that  half  its  ball  was 
within,  and  half  without,  the  visible  rays  of  the  sun. 

No.  1.  No.  2.  No.  3. 

4>H  -  -  4>H  -  -  48 
55i  48i-      -      -  48 

57  49  4^4 

Here  the  thermometer  No.  1  rose  8  degrees,  in  10  minutes. 
By  way  of  not  losing  time,  in  order  to  connect  these  last 
observations  the  better  together,  I  did  not  bring  back  the  ther- 
mometer No.  1  to  the  temperature  of  the  room,  being  already 
well  acquainted  with  its  rate  of  shewing,  compared  to  that  of 
No.  2,  but  went  on  to  the  next  experiment,  by  withdrawing  the 
stand,  till  the  whole  ball  of  No.  1  was  completely  out  of  the  sun's 
visible  rays,  yet  so  as  to  bring  the  termination  of  the  line  of  the 
red  colour  as  near  the  outside  of  the  ball  as  could  be,  without 
touching  it. 

No.  1.  No.  2.  No.  3. 

57  49  4>H 

5H      -      -      49i      "      -  49 
59  5H      ~      -  49i 

59  50  -  494 

Here  the  thermometer  No.  1  rose,  in  10  minutes,  another 
degree  higher  than  in  its  former  situation  it  could  be  brought 
up  to  ;  and  was  now  9  degrees  above  the  standard.  The  ball 
of  this  thermometer,  as  has  been  noticed,  is  exactly  half  an  inch 
in  diameter;  and  its  centre  therefore  was  £  inch  beyond  the 
visible  illumination,  to  which  no  part  of  it  was  exposed. 

It  would  not  have  been  proper  to  compare  these  last  obser- 
vations with  those  taken  at  an  earlier  period  this  morning,  in 
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order  to  obtain  a  true  maximum,  as  the  sun  was  now  more 
powerful  than  it  had  been  at  that  time;  for  which  reason,  I 
caused  the  line  of  termination  of  visible  light,  now  to  fall  again 
just  i  inch  from  the  centre  of  the  ball;  and  had  the  following 
result. 


No.  1. 

No.  2. 

No.  3. 

S°i  - 

5°i  - 

50 

57i  - 

50 

49i 

5H  - 

50 

5H  - 

50 

-  49i 

And  here  the  thermometer  No.  1  rose,  in  16  minutes,  8£ 
degrees,  when  its  centre  was  ^  inch  out  of  the  visible  rays  of 
the  sun.  Now,  as  before  we  had  a  rising  of  9  degrees,  and 
here  81,  the  difference  is  almost  too  trifling  to  suppose,  that 
this  latter  situation  of  the  thermometer  was  much  beyond  the 
maximum  of  the  heating  power ;  while,  at  the  same  time,  the 
experiment  sufficiently  indicates,  that  the  place  inquired  after 
need  not  be  looked  for  at  a  greater  distance. 

It  will  now  be  easy  to  draw  the  result  of  these  observations 
into  a  very  narrow  compass. 

The  first  four  experiments  prove,  that  there  are  rays  coming 
from  the  sun,  which  are  less  refrangible  than  any  of  those  that 
affect  the  sight.  They; are  invested  with  a  high  power  of  heating 
bodies,  but  with  none  of  illuminating  objects ;  and  this  explains 
the  reason  why  they  have  hitherto  escaped  unnoticed. 

My  present  intention  is,  not  to  assign  the  angle  of  the  least 
refrangibility  belonging  to  these  rays,  for  which  purpose  more 
accurate,  repeated,  and  extended  experiments  are  required.  But, 
at  the  distance  of  52  inches  from  the  prism,  there  was  still  a 
considerable  heating  power  exerted  by  our  invisible  rays,  one 
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inch  and  a  half  beyond  the  red  ones,  measured  upon  their  pro- 
jection on  a  horizontal  plane.  I  have  no  doubt  but  that  their 
efficacy  may  be  traced  still  somewhat  farther. 

The  5th  and  6th  experiments  shew,  that  the  power  of  heating 
is  extended  to  the  utmost  limits  of  the  visible  violet  rays,  but 
not  beyond  them ;  and  that  it  is  gradually  impaired,  as  the  rays 
grow  more  refrangible. 

The  four  last  experiments  prove,  that  the  maximum  of  the 
heating  power  is  vested  among  the  invisible  rays ;  and  is  pro- 
bably not  less  than  half  an  inch  beyond  the  last  visible  ones, 
when  projected  in  the  manner  before  mentioned.  The  same 
experiments  also  shew,  that  the  sun's  invisible  rays,  in  their  less 
refrangible  state,  and  considerably  beyond  the  maximum,  still 
exert  a  heating  power  fully  equal  to  that  of  red-coloured  bght; 
and  that,  consequently,  if  we  may  infer  the  quantity  of  the  effi- 
cient from  the  effect  produced,  the  invisible  rays  of  the  sun 
probably  far  exceed  the  visible  ones  in  number. 

To  conclude,  if  we  call  light,  those  rays  which  illuminate 
objects,  and  radiant  beat,  those  which  heat  bodies,  it  may  be 
inquired,  whether  light  be  essentially  different  from  radiant 
heat  ?  In  answer  to  which  I  would  suggest,  that  we  are  not 
alloVed,  by  the  rules  of  philosophizing,  to  admit  two  different 
causes  to  explain  certain  effects,  if  they  may  be  accounted  for 
by  one.  A  beam  of  radiant  heat,  emanating  from  the  sun, 
consists  of  rays  that  are  differently  refrangible.  The  range  of 
their  extent,  when  dispersed  by  a  prism,  begins  at  violet- 
coloured  light,  where  they  are  most  refracted,  and  have  the 
least  efficacy.  We  have  traced  these  calorific  rays  throughout 
the  whole  extent  of  the  prismatic  spectrum;  and  found  their 
power  increasing,  while  their  refrangibility  was  lessened,  as  far 
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as  to  the  confines  of  red-coloured  light.  But  their  diminishing 
refrangibility,  and  increasing  power,  did  not  stop  here ;  for  we 
have  pursued  them  a  considerable  way  beyond  the  prismatic 
spectrum,  into  an  invisible  state,  still  exerting  their  increasing 
energy,  with  a  decrease  of  refrangibility  up  to  the  maximum  of 
their  power;  and  have  also  traced  them  to  that  state  where, 
though  still  less  refracted,  their  energy,  on  account,  we  may 
suppose,  of  their  now  failing  density,  decreased  pretty  fast; 
after  which,  the  invisible  tbermometrical  spectrum,  if  I  may  so 
Call  it,  soon  vanished. 

If  this  be  a  true  account  of  solar  heat,  for  the  support  of 
which  I  appeal  to  my  experiments,  it  remains  only  for  us  to 
admit,  that  such  of  the  rays  of  the  sun  as  have  the  refrangibility 
of  those  which  are  contained  in  the  prismatic  spectrum,  by  the 
construction  of  the  organs  of  sight,  are  admitted,  under  the 
appearance  of  light  and  colours ;  and  that  the  rest,  being  stopped 
in  the  coats  and  humours  of  the  eye,  act  upon  them,  as  they 
are  known  to  do  upon  all  the  other  parts  of  our  body,  by  occa* 
sioning  a  sensation  of  heat 

■ 

■  4 

Slough,  near  Windsor, 

March  17,  1800.  , 

Explanation  of  Plate  XL 

IN  WHICH  iS  GIVEN  A  VIEW  OF  THE  APPARATUS. 

A  B.  The  small  stand. 

ij  2,  3.  The  thermometers  upon  it. 

C  D.  The  prism  at  the  window. 

E.  The  spectrum  thrown  upon  the  table,  so  as  to  bring  the 
last  quarter  of  an  inch  of  the  red  colour  upon  the  stand. 
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XV.  Experiments  on  the  solar,  and  on  the  terrestrial  Rays  that 
occasion  Heat;  with  a  comparative  View  of  tlx  Laws  to  which 
Light  and  Heat,  or  rather  the  Rays  which  occasion  them,  are 
subject,  in  order  to  determine  whether  they  are  the  same,  or 
different.  By  William  Herschel,  LL.  D.  F.  R.  S. 

Part  I. 
Read  May  15,  1800. 

The  word  heat,  in  its  most  common  acceptation,  denotes  a 
certain  sensation,  which  is  well  known  to  every  person.  The 
cause  of  this  sensation,  to  avoid  ambiguity,  ought  to  have  been 
distinguished  by  a  name  different  from  that  which  is  used  to 
point  out  its  effect.  Various  authors  indeed,  who  have  treated 
on  the  subject  of  heat,  have  occasionally  added  certain  terms  to 
distinguish  their  conceptions,  such  as,  latent,  absolute,  specific, 
sensible  heat ;  while  others  have  adopted  the  new  expressions 
of  caloric,  and  the  matter  of  heat.  None  of  these  descriptive 
appellations  however  would  have  completely  answered  my 
purpose.  I  might,  as  in  the  preceding  papers,  have  used  the  name 
radiant  heat,  which  has  been  introduced  by  a  celebrated  author, 
and  which  certainly  is  not  very  different  from  the  expressions 
I  have  now  adopted;  but,  by  calling  the  subject  of  my  researches, 
the  rays  that  occasion  heat,  I  cannot  be  misunderstood  as  mean- 
ing that  these  rays  themselves  are  heat ;  nor  do  I  in  any  respect 
engage  myself  to  shew  in  what  manner  they  produce  heat. 

From  what  has  been  said  it  follows,  that  any  objections  that 
may  be  alleged,  from  the  supposed  agency  of  heat  in  other 
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circumstances  than  in  its  state  of  radiance,  or  heat-making 
rays,  cannot  be  admitted  against  my  experiments.  For,  not- 
withstanding I  may  be  inclined  to  believe  that  all  phenomena 
in  which  heat  is  concerned,  such  as  the  expansion  of  bodies, 
fluidity,  congelation,  fermentation,  friction,  &c.  as  well  as  heat 
in  its  various  states  of  being  latent,  specific,  absolute,  or  sensible, 
may  be  explained  on  the  principle  of  heat-making  rays,  and 
vibrations  occasioned  by  them  in  the  parts  of  bodies;  yet  this  is 
not  intended,  at  present,  to  be  any  part  of  what  I  shall  endea- 
vour to  establish.  . 

I  must  also  remark,  that  in  using  the  word  rays,  I  do  not 
mean  to  oppose,  much  less  to  countenance,  the  opinion  of  those 
philosophers  who  still  believe  that  light  itself  comes  to  us  from 
the  sun,  not  by  rays,  but  by  the  supposed  vibrations  of  an  elastic 
ether,  every  where  diffused  throughout  space ;  I  only  claim  the 
same  privilege  for  the  rays  that  occasion  heat,  which  they  are 
willing  to  allow  to  those  that  illuminate  objects.  For,  in  what 
manner  soever  this  radiance  may  be  effected,  it  will  be  fully 
proved  hereafter,  that  the  evidence,  either  for  rays,  or  for 
vibrations  which  occasion  heat,  stands  on  the  same  foundation 
on  which  the  radiance  of  the  illuminating  principle,  light,  is 
built 

In  order  to  enter  on  our  subject  with  some  regularity,  it  will 
be  necessary  to  distinguish  heat  into  six  different  kinds,  three 
whereof  are  solar,  and  three  terrestrial ;  but,  as  the  divisions  of 
terrestrial  heat  strictly  resemble  those  of  solar,  it  will  not  be 
necessary  to  treat  of  them  separately;  our  subject,  therefore,  may 
be  reduced  to  the  three  following  general  heads. 

We  shall  begin  with  the  heat  of  luminous  bodies  in  general, 
such  as,  in  the  first  place,  we  have  it  directly  from  the  sun ; 
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and  as,  in  the  secohd,  we  may  obtain  it  from  terrestrial  flames, 
such  as  torches,  candles,  lamps,  blue-lights,  &c. 

Our  next  division  comprehends  the  heat  of  coloured  radiants. 
This  we  obtain,  in  the  first  place,  from  the  sun,  by  separating 
its  rays  in  a  prism ;  and,  in  the  second,  by  having  recourse  to 
culinary  fires,  openly  exposed. 

The  third  division  relates  to  heat  obtained  from  radiants, 
where  neither  light  nor  colour  in  the  rays  can  be  perceived. 
This,  as  I  have  shewn,  is  to  be  had,  in  the  first  place,  directly 
from  the  sun,  by  means  of  a  prism  applied  to  its  rays ;  and,  in 
the  second,  we  may  have  it  from  fires  inclosed  in  stoves,  and 
from  red-hot  iron  cooled  till  it  can  no  longer  be  seen  in  the 
dark. 

Besides  the  arrangement  in  the  order  of  my  experiments 
which  would  arise  from  this  division,  we  have  another  subject  to 
consider.  For,  since  the  chief  design  of  this  paper  is  to  give  a 
comparative  view  of  the  operations  that  may  be  performed  on 
the  rays  that  occasion  heat,  and  of  those  which  we  already 
know  to  have  been  effected  on  the  rays,  that  occasion  light,  it 
will  be  necessary  to  take  a  short  review  of  the  latter.  I  shall 
merely  select  such  facts  as  not  only  are  perfectly  well  known, 
but  especially  such  as  will  answer  the  intention  of  my  compa- 
rative view,  and  arrange  them  in  the  following  order. 

I.  Light,  both  solar  and  terrestrial,  is  a  sensation  occasioned 
by  rays  emanating  from  luminous  bodies,  which  have  a  power 
of  illuminating  objects;  and,  according  to  circumstances,  of 
making  them  appear  of  various  colours. 

s.  These  rays  are  subject  to  the  laws  of  reflection. 

3.  They  are  likewise  subject  to  the  laws  of  refraction. 

4.  They  are  of  different  refrangibility. 
mdccc.  Q  q 
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5.  They  are  liable  to  be  stopped,  in  certain  proportions,  when 
transmitted  through  diaphanous  bodies. 

6.  They  are  liable  to  be  scattered  on  rough  surfaces. 

7.  They  have  hitherto  been  supposed  to  have  a  power  of 
heating  bodies ;  but  this  remains  to  be  examined. 

The  similar  propositions  relating  to  heat,  which  are  intended 
to  be  proved  in  this  paper,  will  stand  as  follows. 

1.  Heat,  both  solar  and  terrestrial,  is  a  sensation  occasioned 
by  rays  emanating  from  candent  substances,  which  have  a 
power  of  heating  bodies. 

2.  These  rays  are  subject  to  the  laws  of  reflection. 

3.  They  are  likewise  subject  to  the  laws  of  refraction. 

4.  They  are  of  different  refrangibility. 

$.  They  are  liable  to  be  stopped,  in  certain  proportions,  when 
transmitted  through  diaphanous  bodies. 

6.  They  are  liable  to  be  scattered  on  rough  surfaces. 

7.  They  may  be  supposed,  when  in  a  certain  state  of  energy, 
to  have  a  power  of  illuminating  objects  ;  but  this  remains  to  be 
examined. 

Before  I  can  go  on,  I  have  to  mention,  that  the  number  of 
experiments  which  will  be  required  to  make  good  all  these 
points,  exceeds  the  usual  length  of  my  papers;  on  which  account, 
I  shall  divide  the  present  one  into  two  parts.  Proceeding  there- 
fore now  to  an  investigation  of  the  three  first  heads  that  have 
been  proposed,  I  reserve  the  three  next,  and  a  discussion  which 
will  be  brought  on  by  the  seventh  article,  for  the  second  part 

1  st.  Experiment.  Reflection  of  the  Heat  of  the  Sun. 

I  exposed  the  thermometer  which  in  a  former  paper  has  been 
denoted  by  No.  3,  to  the  eye-end  of  a  ten-feet  Newtonian 
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telescope,  which  carried  a  Corner a-eyc-piece*  but  no  eye-glass. 
When,  by  proper  adjustment,  the  focus  came  to  the  ball  of  the 
thermometer,  it  rose  from  52  degrees  to  1 10;  so  that  rays  which 
came  from  the  sun,  underwent  three  regular  reflections;  one, 
on  a  concave  mirror,  and  the  other  two,  on  two  plain  ones. 
Now  these  rays,  whether  they  were  those  of  light  or  not,  for 
that  our  experiment  cannot  ascertain,  had  a  power  of  occasioning 
heat,  which  was  manifested  in  raising  the  thermometer  58 
degrees. 

2d.  Experiment.  Reflection  of  the  Heat  of  a  Candle. 

At  the  distance  of  29  inches  from  a  candle,  I  planted  a  small 
steel-mirror,  of  g/^  inches  diameter,  and  about  2|  inches  focal 
length.f  In  the  secondary  focus  of  it,  I  placed  the  ball  of  the 
thermometer  which  in  my  paper  has  been  marked  No.  2 ;  and 
very  near  it,  but  out  of  the  reach  of  reflection,  the  thermometer 
No.  3.  Having  covered  the  mirror  till  both  were  come  to  the 
temperature  of  their  stations,  I  began  as  follows. 
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Here,  in  five  minutes,  the  thermometer  No.  2  received 
degrees  of  heat  from  the  candle,  by  reflected  rays.  I  now 

•  See  Phil.  Trans.  Vol.  LXXII.  p.  176. 
t  Sec  Plate  Xil.  Fig.  i. 
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covered  the  mirror,  but  left  all  the  rest  of  the  apparatus  un- 
touched. 
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Here,  in  six  minutes,  the  thermometer  lost  the  3^  degrees  of 
Jieat  again,  which  it  had  gained  before.  I  uncovered  the  mirror 

•  ■ 

once  more. 
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And,  in  five  minutes,  the  si  degrees  of  heat  were  regained. 
In  consequence  of  which,  we  are  assured  that  certain  rays  came 
from  the  candle,  subject  to  the  laws  of  reflection,  which,  though 
they  might  not  be  the  rays  of  light,  for  that  our  experiment  does 
not  determine,  were  evidently  invested  with  a  power  of  heating 
the  thermometer  placed  in  the  focus  of  the  mirror. 

$d  Experiment.  Reflection  of  the  Heat  that  accompanies  the  Solar 

prismatic  Colours. 

In  the  spectrum  of  the  sun,  given  by  a  prism,  I  placed  my 
small  steel  mirror,  with  a  thermometer  in  its  focus.*  It  was 
covered  by  a  piece  of  pasteboard,  which,  through  a  proper 
opening,  admitted  all  the  visible  colours  to  fall  on  its  polished 
surface,  but  excluded  every  other  ray  of  heat  that  might  be, 
either  on  the  violet  or  on  the  red  side,  beyond  the  spectrum. 

•  See  Plate  XII.  Fig.  z. 


Digitized  by 


on  the  terrestrial  Rays  that  occasion  Heat.  299 

Then,  placing  the  apparatus  so  as  to  have  the  thermometer  in 
the  red  rays,  but  keeping  the  mirror  covered  up  till  the  thermo- 
meter became  settled,  I  found  it  stationary  at  $8°.  Uncovering 
the  mirror,  I  had  as  follows. 

No.  2. 

•  •  •  • 

o'  58 
•  '93 

Here,  in  two  minutes,  the  thermometer  rose  35  degrees,  by 
reflected  heat.  I  covered  the  mirror  again,  and,  in  a  few  minutes, 
the  thermometer,  exposed  to  the  direct  prismatic  red,  came 
down  to  580  again.  And  thus  the  prismatic  colours,  if  they  are 
not  themselves  the  heat-making  rays,  are  at  least  accompanied 
by  such  as  have  a  power  of  occasioning  heat,  and  are  liable  to 
be  regularly  reflected. 

tfb  Experiment.   Reflection  of  the  Heat  of  a  red-hot  Poker. 

I  placed  the  small  steel  mirror  at  12  inches  from  a  red-hot 
poker,  set  with  its  heated  end  upwards,  in  a  perpendicular 
position,  and  so  elevated  as  to  throw  its  rays  on  the  mirror.* 
The  thermometer  No.  2  was  placed  in  its  secondary  focus,  and 
had  a  small  pasteboard  screen,  to  guard  its  ball  from  the  direct 
heat  of  the  poker. 

No.  2. 

H    .  .93 
I  covered  the  mirror. 

3'  *5 
Here,  in  1^  minute,  the  thermometer  rose  38^  degrees,  by 
reflected  rays;  and,  when  the  mirror  was  covered  up,  it  fell  in 
the  next  i£  minute,  28  degrees.  On  which  account,  we  cannot 

•  Sec  Plate  XII.  Fig.  i. 
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but  allow,  that  certain  rays,  whether  it  be  those  that  shine  or  not, 
issue  from  an  ignited  poker,  which  are  subject  to  the  regular 
laws  of  reflection,  and  have  a  power  of  heating  bodies. 

$tb  Experiment.  Reflection  of  the  Heat  of  a  Coal  Fire  by  a  plain 

Mirror, 

I  placed  a  small  speculum,  such  as  I  use  with  my  7-feet  re* 
flectors,  upon  a  stand,  and  so  as  to  make  an  angle  of  45  degrees 
with  the  front  of  it.*  This  was  afterwards  to  face  the  fire  in  my 
parlour  chimney,  and  would  make  the  same  angle  with  the  bars 
of  the  grate.  At  a  distance  of  3^  inches  from  the  speculum,  on 
the  reflecting  side  of  it,  was  placed  the  thermometer  No.  1 ;  and 
close  by  it,  but  out  of  the  reach  of  the  reflected  rays,  the  ther- 
mometer No.  4.  The  whole  was  guarded  in  front,  against  the 
influence  of  the  fire,  by  an  oaken  board  i\  inch  thick,  which 
had  a  circular  opening  of  i£  inch  diameter,  opposite  the 
situation  of  the  plain  mirror,  in  order  to  permit  the  fire  to  shine 
upon  it.  The  thermometers  were  divided  from  the  mirror  by  a 
wooden  partition,  which  also  had  an  opening  in  it,  that  the  re- 
flected rays  might  come  from  the  mirror  to  No.  1,  while  No.  4 
remained  screened  from  their  influence.  On  exposing  this 
apparatus  to  the  fire,  I  had  the  following  result. 
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•  See  Plate  XII.  Fig.  3. 
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Here,  in  five  minutes,  the  heat  reflected  from  the  plain  mirror 
raised  the  thermometer  No.  1,  7  degrees ;  while  the  change  in 
the  temperature  of  the  screened  place,  indicated  by  No.  4, 
amounted  only  to  half  a  degree :  which  shews,  that  an  open 
fire  sends  out  rays  that  are  subject  to  the  laws  of  reflection,  and 
occasion  heat. 

6tb  Experiment.  Reflection  of  Fire-heat  by  a  Prism. 

Every  thing  remaining  arranged  as  in  the  5th  experiment,  I 
removed  the  small  plain  mirror,  and  placed  in  its  stead  a  prism, 
which  had  one  of  its  angles  of  90  degrees,  and  the  other  two 
of  450  each.*  It  was  put  so  as  to  have  one  of  the  sides  facing 
the  fire,  while  the  other  was  turned  towards  the  thermometer : 
the  hypotenuse,  consequently,  made  an  angle  of  45  degrees 
with  the  bars  of  the  grate.  The  apparatus,  after  having  been 
cooled  some  time,  was  exposed  to  the  fire,  and  the  following 
result  was  taken. 
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Here,  in  eleven  minutes,  the  rays  reflected  by  the  prism  raised 
the  thermometer  4^  degrees ;  but,  the  temperature  of  the  place 
having  undergone  an  alteration  of      degrees,  we  can  only 

•  See  Plate  XII.  Fig.  3. 
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place  2*  to  the  account  of  reflection.  The  apparatus  becoming 
now  very  hot,  it  would  not  have  been  fair  to  have  continued 
the  experiment  for  a  longer  time ;  but  the  effect  already  pro- 
duced was  fully  sufficient  to  shew,  that  even  a  prism,  which 
stops  a  great  many  heat-making  rays,  still  reflects  enough  of 
them  to  prove,  that  an  open  fire  not  only  sends  them  out,  but 
that  they  are  subject  to  every  law  of  reflection. 

ytb  Experiment.   Reflection  of  invisible  Solar  Heat. 

On  a  board  of  about  4  feet  6  inches  long,  I  placed  at  one  end, 
a  small  plain  mirror,  and  at  the  other,  two  thermometers*.  The 
distance  of  No.  1,  from  the  face  of  the  mirror,  was  3  feet  04 
inches ;  and  No.  s  was  put  at  the  side  of  it,  facing  the  same 
way,  but  out  of  the  reach  of  the  rays  that  were  to  be  reflected 
by  the  mirror.  The  colours  of  the  prism  were  thrown  on  a 
sheet  of  paper  having  parallel  lines  drawn  upon  it,  at  half  an 
inch  from  each  other.  The  mirror  was  stationed  upon  the  paper; 
and  was  adjusted  in  such  a  manner  as  to  present  its  polished 
surface,  in  an  angle  of  45  degrees,  to  the  incident  coloured  rays, 
by  which  means,  they  would  be  reflected  towards  the  ball  of 
the  thermometer  No.  1.  In  this  arrangement,  the  whole  appa- 
ratus might  be  withdrawn  from  the  colours  to  any  required 
distance,  by  attending  to  the  last  visible  red  colour,  as  it  shewed 
itself  on  the  lines  of  the  paper.  When  the  thermometers  were 
properly  settled  to  the  temperature  of  their  situation,  during 
which  time  the  mirror  had  been  covered,  the  apparatus  was 
drawn  gently  away  from  the  colours,  so  far  as  to  cause  the 
mirror,  which  was  now  open,  to  receive  only  the  invisible  rays 
of  heat  which  lie  beyond  the  confines  of  red.  The  result  was 
as  follows. 

•  Sec  Plate  XII.  Fig.  4. 
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Here,  in  ten  minutes,  the  thermometer  No.  1  received  four 
degrees  of  heat,  reflected  to  it,  in  the  strictest  optical  manner, 
by  the  plain  mirror  of  a  Newtonian  telescope.  The  great 
regularity  with  which  these  invisible  rays  obeyed  the  law  of 
reflection,  was  such,  that  Dr.  Wilson's  sensible  thermometer 
No.  2,  which  had  been  chosen  on  purpose  for  a  standard,  and 
was  within  an  inch  of  the  other  thermometer,  remained  all  the 
time  without  the  least  indication  of  any  change  of  temperature 
that  might  have  arisen  from  straggling  rays,  had  there  been  any 
such.  I  now  took  away  the  mirror,  but  left  every  thing  else  in 
the  situation  it  was.  The  effect  of  this  was  thus. 
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Here,  in  ten  minutes,  the  thermometer  No.  1  lost  again  the 
4  degrees  it  had  acquired,  while  No.  2  still  remained  unaltered;  . 
and  this  becomes  therefore  a  most  decisive  experiment,  in  proof 
of  the  existence  of  invisible  rays,  of  their  being  subject  to  the 
laws  of  reflection,  and  of  their  power  of  occasioning  heat. 
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8ib  Experiment.  Reflection,  and  Condensation,  of  the  invisible 

solar  Rays. 

I  made  an  apparatus  for  placing  the  small  steel  mirror  at  any 
required  angle;*  and,  having  exposed  it  to  the  prismatic  spec- 
trum, so  as  to  receive  it  perpendicularly,  I  caused  the  colours  to  fall 
on  one  half  of  the  mirror,  which,  being  covered  by  a  semicircular 
piece  of  pasteboard,  would  stop  all  visible  rays,  so  that  none  of 
them  could  reach  the  polished  surface.  On  the  pasteboard  were 
drawn  several  lines,  parallel  to  the  diameter,  and  at  the  distance 
of  one-tenth  of  an  inch  from  each  other ;  that,  by  withdrawing 
the  apparatus,  I  might  have  it  at  option  to  remove  the  last 
visible  red  to  any  required  distance  from  the  reflecting  surface. 
In  the  focus  of  the  mirror  was  placed  the  thermometer  No.  2. 
I  covered  now  also  the  other  half  of  the  mirror,  till  the  thermo- 
meter had  assumed  the  temperature  of  its  situation.  Then, 
withdrawing  the  apparatus  out  of  the  visible  spectrum,  till  the 
last  tinge  of  red  was  one-tenth  of  an  inch  removed  from  the 
edge  of  the  pasteboard,  and  the  whole  of  the  coloured  image 
thus  thrown  on  the  semicircular  cover,  I  opened  the  other  half 
of  the  mirror,  for  the  admission  of  invisible  rays.  The  result 
was  as  follows. 

No.  2. 

In  the  Focui  of  invisible  He»t. 
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Here,  in  one  minute,  the  thermometer  rose  19  degrees.  I 
covered  the  mirror. 
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•  See  Plate  XII.  Fig.  2. 
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Here,  in  three  minutes,  the  thermometer  fell  16  degrees.  I 
opened  the  mirror  again. 

No.  2. 

In  the  Fociu  of  invuible  Heat. 

5'  83 
6  88 
Here,  in  two  minutes,  the  thermometer  rose  24  degrees.  I 
covered  the  mirror  once  more. 

\     7'  % 
And,  in  one  minute,  the  thermometer  fell  19  degrees.  Now, 

by  this  alternate  rising  and  falling  of  the  thermometer,  three 
points  are  clearly  ascertained.  The  first  is,  that  there  are  invisible 
rays  of  the  sun.  The  second,  that  these  rays  are  not  only  re- 
flexible,  in  the  manner  which  has  been  proved  in  the  foregoing 
experiment,  but  that,  by  the  strict  laws  of  reflection,  they  are 
capable  of  being  condensed.  And,  in  the  third  place,  that  by 
condensation,  their  heating  power  is  proportionally  increased ; 
for,  under  the  circumstances  of  the  experiment,  we  find  that  it 
extended  so  far  as  to  be  able  to  raise  the  thermometer,  in  two 
minutes,  no  less  than  24  degrees. 

gtb  Experiment.    Reflection  of  invisible  culinary  Heat. 

I  planted  my  little  steel  mirror  upon  a  small  board  ;*  and  at  a 
proper  distance  opposite  to  it  I  erected  a  slip  of  deal,  £  inch 
thick,  and  1  inch  broad,  in  a  horizontal  direction,  so  as  to  be 
of  an  equal  height,  in  the  middle  of  its  thickness,  with  the 
centre  of  the  mirror.  Against  the  side,  facing  the  mirror,  were 
fixed  the  two  thermometers  No.  2  and  No.  3,  with  their  balls 
within  half  an  inch  of  each  other,  and  the  scales  turned  the 
opposite  way.  A  little  of  the  wood  was  cut  out  of  the  slip,  to 

♦  Sec  Plate  XIII.  Fig.  I. 
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make  room  for  the  balls  to  be  freely  exposed.  That  of  No.  s 
was  in  the  axis  of  the  mirror;  and  the  ball  of  No.  3  was  screened 
from  the  reflected  rays,  by  a  small  piece  of  pasteboard  tied  to 
the  scale.  The  small  ivory  scales  of  the  thermometers,  with  the 
slip  of  wood  at  their  back,  which  however  was  feather-edged 
towards  the  stove,  intercepted  some  heat ;  but  it  will  be  seen 
presently  that  there  was  enough  to  spare.  When  my  stove  was 
of  a  good  heat,  I  brought  the  apparatus  to  a  place  ready  pre- 
pared for  it 

No.  2.  No.  3. 

In  the  Focu*.  Screened. 
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Here  we  find  that,  in  one  minute,  the  invisible  culinary  heat 
raised  the  thermometer  No.  2,  39  degrees ;  while  No.  3,  from 
change  of  temperature,  rose  only  one,  notwithstanding  its 
exposure  to  the  stove  was  in  every  respect  equal  to  that  of 
No.  3,  except  so  far  as  relates  to  the  rays  returned  by  the 
mirror ;  and  therefore,  the  radiant  nature  of  these  invisible  rays, 
their  power  of  heating  bodies,  and  their  being  subject  to  the 
laws  of  reflection,  are  equally  established  by  this  experiment. 

\otb  Experiment.  Reflection  of  the  invisible  Rays  of  Heat  of  a 
Poker,  cooled  from  being  red-hot  till  it  could  no  longer  be 
seen  in  a  dark  Place. 

The  great  abundance  of  heat  in  my  last  experiment,  would 
not  allow  of  its  being  carried  on  without  injury  to  the  thermo- 
meter, the  scale  of  which  is  not  extensive ;  I  therefore  placed  a 
poker,  when  of  a  proper  black  heat,  at  1 2  inches  from  the  steel 
mirror,*  and  received  the  effect  of  its  condensed  rays  upon  the 

•  Sec  Plate  XII.  Fig.  I. 
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thermometer  No.  2,  placed  in  the  focus.  Then,  alternately 
covering  and  uncovering  the  mirror,  one  minute  at  a  time,  the 
effect  was  as  follows. 


No.  2. 

The  mirror  covered 

0' 

61 

Open 

1 

68 

Covered 

2 

61 

Open 

3 

64* 

Covered 

4 

59 

Open 

5 

6ii 

Covered 

e 

58 

Here,  in  six  minutes,  we  have  a  repeated  result  of  alternate 
elevations  and  depressions  of  the  thermometer,  all  of  which 
confirm  the  reflexibility,  the  radiant  nature,  and  the  heating 
power,  of  the  invisible  rays  that  came  from  the  poker. . 

From  these  experiments  it  is  now  sufficiently  evident,  that 
in  every  supposed  case  of  solar  and  terrestrial  heat,  we  have 
traced  out  rays  that  are  subject  to  the  regular  laws  of  reflection, 
and  are  invested  with  a  power  of  heating  bodies ;  and  this  inde- 
pendent of  light*  For  though,  in  four  cases  out  of  six,  we  had 
illuminating  as  well  as  heating  rays,  it  is  to  be  noticed  that  our 
proof  goes  only  to  the  power  of  occasioning  heat,  which  has 
been  strictly  ascertained  by  the  thermometer.  If  it  should  be 
said,  that  the  power  of  illuminating  objects,  of  these  same  rays, 
is  as  strictly  proved  by  the  same  experiments,  I  must  remark, 
that  from  the  cases  of  invisible  rays  brought  forward  in  the  four 
last  experiments,  it  is  evident  that  the  conclusion,  that  rays 
must  have  illuminating  power,  because  they  have  a  power  of 
occasioning  heat,  is  erroneous ;  and,  as  this  must  be  admitted, 
we  have  a  right  to  ask  for  some  proof  of  the  assertion,  that  rays 
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which  occasion  heat  can  ever  become  visible.  But,  as  we  shall 
have  an  opportunity  to  say  more  of  this  hereafter,  I  proceed 
now  to  investigate  the  refraction  of  heat-making  rays. 

11  tb  Experiment.   Refraction  of  solar  Heat. 

With  a  new  ten-feet  Newtonian  telescope,  the  mirror  of 
which  is  24,  inches  in  diameter  of  polished  surface,  I  received 
the  rays  of  the  sun ;  and,  making  them  pass  through  a  day- 
piece  with  four  lenses,  I  caused  them  to  fall  on  the  ball  of  the 
thermometer  No.  3,  placed  in  their  focus.  Those  who  are 
acquainted  with  the  lines  in  which  the  principal  rays  and  pencils 
move  through  a  set  of  glasses,  will  easily  conceive  how  artfully, 
in  our  present  instance,  heat  was  sent  from  one  place  to  another. 
Heat  crossing  heat,  through  many  intersecting  courses,  without 
jostling  together,  and  each  parcel  arriving  at  last  safely  to  its 
destined  place.  As  soon  as  the  rays  were  brought  to  the  ther- 
mometer, it  rose  almost  instantly  from  60  degrees  to  130 ;  and, 
being  afraid  of  cracking  the  glasses,  I  turned  away  the  telescope. 
Here  the  rays,  which  occasioned  no  less  than  70  degrees  of 
heat,  had  undergone  eight  regular  successive  refractions;  so  that 
their  being  subject  to  its  laws  cannot  be  doubted. 

iztb  Experiment.    Refraction  of  the  Heat  of  a  Candle. 

I  placed  a  lens  of  about  1,4,  inch  focus,  and  1,1  diameter, 
mounted  upon  a  small  support,  at  a  distance  of  2,8  inches  from 
a  candle;*  and  the  thermometer  No.  2,  behind  the  lens,  at  an 
equal  distance  of  about  2,8  inches;  but  which  ought  to  be  very 
carefully  adjusted  to  the  secondary  focus  of  the  candle.  Not  far 
from  the  lens,  towards  the  candle,  was  a  pasteboard  screen, 
with  an  aperture  of  nearly  the  same  size  as  the  L;;s.  The  sup- 

•  S.c  Plate  XIII.  Fig.  z. 
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port  of  the  lens  had  an  eccentric  pivot,  on  which  it  might  be 
turned  away  from  its  place,  and  returned  to  the  same  situation 
again,  at  pleasure.  This  arrangement  being  made,  the  thermo- 
meter was  for  a  few  moments  exposed  to  the  rays  of  the  candle, 
till  it  had  assumed  the  temperature  of  its  situation.  Then  the 
lens  was  turned  on  its  pivot,  so  as  to  intercept  the  direct  rays, 
which  passed  through  the  opening  in  the  pasteboard  screen, 
and  to  refract  them  to  the  focus,  in  which  the  thermometer  was 
situated. 

No.  2. 
o'       %  53i 

*  %  ,55i 
«  55$ 

3  56 

Here,  in  three  minutes,  the  thermometer  received  s|  degrees 
of  heat,  by  the  refraction  of  the  lens.  The  lens  was  now  turned 
away. 

o'  56 

*  54i 
3  5Si 

Here,  in  three  minutes,  the  thermometer  lost  a£  degrees  of 
heat.  The  lens  was  now  returned  to  its  situation. 

o'  53i 

1  54,1 

*  55i 
3  56 

And,  in  three  minutes,  the  thermometer  regained  the  s£ 
degrees  of  heat.  A  greater  effect  may  be  obtained  by  a  different 
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arrangement  of  the  distances.  Thus,  if  the  lens  be  placed  at  sc- 
inches from  a  wax-candle,  and  the  thermometer  situated,  as  be- 
fore, in  the  secondary  focus,  we  shall  be  able  to  draw  from  5  to  8 
degrees  of  heat,  according  to  the  burning  of  the  candle,  and  the 
accuracy  of  the  adjustment  of  the  thermometer  to  the  focus. 
The  experiment  we  have  related  shews  evidently,  that  rays 
invested  -with  a  power  of  heating  bodies,  issue  from  a  candle, 
and  are  subject  to  laws  of  refraction,  nearly  the  same  with 
those  respecting  light. 

i$tb  Experiment.   Refraction  of  the  Heat  that  accompanies  the 
coloured  part  of  the  prismatic  Spectrum. 

I  covered  a  burning  lens  of  Mr.  Dollond's,  which  is  nearly 
g  inches  in  diameter,  and  very  highly  polished,  with  a  piece  of 
pasteboard,  in  which  there  was  an  opening  of  a  sufficient  size 
to  admit  all  the  coloured  part  of  the  prismatic  spectrum.*  In 
the  focus  of  the  glass  was  placed  the  thermometer  No.  3 ;  and, 
when  every  thing  was  arranged  properly,  I  covered  the  lens  for 
five  minutes,  that  the  thermometer  might  assume  the  tempera- 
ture of  its  situation.  The  result  was  as  follows. 

No.  3. 

The  lens  covered  o'  64 
Open  1  176 

Here,  in  one  minute,  the  thermometer  received  112  degrees 
of  heat,  which  came  with  the  coloured  part  of  the  solar  spectrum, 
and  were  refracted  to  a  focus ;  so  that,  if  the  coloured  rays 
themselves  are  not  of  a  heat-making  nature,  they  are  at  least 
accompanied  with  rays  that  have  a  power  of  heating  bodies,  and 

•  Sec  Plate  XIV. 
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are  subject  to  certain  laws  of  refraction,  which  cannot  differ 
much  from  those  affecting  light. 

14&&  Experiment,    Refraction  of  the  Heat  of  a  Chimney-Fire. 

I  placed  Mr.  Dollond's  lens  before  the  clear  fire  of  a  large 
grate.*  Its  distance  from  the  bars  of  the  grate  was  three  feet ; 
and,  in  the  secondary  focus  of  it  was  placed  the  thermometer 
No.  1.  No.  4  was  stationed,  by  way  of  standard,  at  27  inches 
from  the  former,  and  at  an  equal  distance  from  the  fire. 
Before  the  thermometers  was  a  slip  of  mahogany,  which  had 
three  holes  in  it,  of  an  inch  in  diameter  each.  Behind  the 
centre  of  the  1st  hole,  |  of  an  inch  from  the  back,  was  placed 
the  thermometer  No.  1 ;  and,  between  the  sd  and  3d  hole, 
guarded  from  the  direct  rays  of  the  fire  by  the  partition,  at  the 
same  distance  from  the  back,  was*  put  No.  4.  Things  being 
thus  arranged,  the  situation  of  the  apparatus  which  carried  the 
thermometers,  and  that  where  the  lens  was  fixed,  were  marked. 
Then  the  thermometers,  having  been  taken  away  to  be  cooled, 
were  restored  to  their  places  again,  and  their  progress  marked 
as  follows. 


Nai. 

No.  4. 

0' 

7 

H 

3 

68 

5 

70 

7 

7*i 

9 

7*t 

Here,  in  nine  minutes,  the  rays  coming  from  the  fire,  through 
the  burning  glass,  gave  c£  degrees  of  heat  more  to  the  tlier- 

•  See  Plate  XV. 
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mometer  No.  1 ,  than  No.  4,  from  change  of  temperature,  had 
received  behind  the  screen.  Now,  to  determine  whether  this 
was  owing  merely  to  a  transmission  of  heat  through  the  glass, 
or  to  a  condensation  of  the  rays,  by  the  refraction  of  the  burning 
lens,  I  took  away  the  lens,  as  soon  as  the  last  observation  of 
the  thermometers  was  written  down,  and  continued  to  take 
down  their  progress  as  follows. 


1 

No.  1. 

No.  4. 

9'i 

7'i 

6,1 

11 

7°J 

6,1 

1* 

7°i 

*9i 

6.| 

Hi 

G9i 

6ii 

Here  the  direct  rays  of  the  fire,  we  see,  could  not  keep  up 
the  thermometer  No.  1 ;  which  lost  s£  degrees  of  heat,  not- 
withstanding the  lens  intercepted  no  longer  any  of  them.  I 
now  restored  the  burning  glass,  and  continued. 


15' 

6g± 

6,1 

16 

70 

6i| 

so 

71 

6ii 

*5 

6.1 

•I 


Here  again,  the  lens  acted  as  a  condenser  of  heat,  and  gave 
ij£  degrees  of  it  to  the  thermometer  No.  1.  I  now  once  more 
took  away  the  lens,  and  continued  the  experiment. 

,  31  68  6ii 

This  again  confirms  the  same,  by  a  loss  of  3  degrees  of  heat, 
I  restored  the  lens  once  more,  and  had  as  follows. 
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No.  1.  No.  4. 

Burning  Lens.  Scrccnc<i* 

31'i  68  61I 

35  W 
And  here  the  thermometer  received  i\  degree  of  heat  again; 
so  that,  in  the  course  of  35  minutes,  the  thermometer  No.  1 
was  alternately  raised  and  depressed  five  times,  by  rays  which 
came  from  the  chimney  fire,  and  were  subject  to  laws  of  refrac- 
tion, not  sensibly  different  from  those  which  affect  light. 

15th  Experiment.  Refraction  of  the  Heat  of  red-hot  Iron. 

I  caused  a  lump  of  iron  to  be  forged  into  a  cylinder  of  2^ 
inches  diameter,  and  z\  inches  long.*  This,  being  made  red- 
hot,  was  stuck  upon  an  iron  handle  fixed  on  a  stand,  so  as  to 
present  one  of  its  circular  faces  to  a  lens  placed  at  2,8  inches 
distance;  its  focus  being  1,4  inch,  and  diameter  1,1.  Before 
the  lens,  at  some  distance,  was  placed  a  screen  of  wood,  with  a 
hole  of  an  inch  diameter  in  it,  by  way  of  limiting  the  object, 
that  its  image  in  the  focus  might  not  be  larger  than  necessary. 
The  screen  also  served  to  keep  the  heat  from  the  thermometers. 
No.  2  was  situated  in  the  secondary  focus  of  the  lens;  and 
No.  3  was  placed  within  f%  of  an  inch  of  it,  and  at  the  same 
distance  from  the  lens  as  No.  2.  By  this  arrangement,  both 
thermometers  were  equally  within  the  reach  of  transmitted 
heat ;  or,  if  there  was  any  difference,  it  could  only  be  in  favour 
of  No.  3,  as  being  behind  a  part  of  the  lens  which,  on  account 
of  its  thinness,  would  stop  less  heat  than  the  middle.    Now,  as 
the  experiment  gives  a  result  which  differs  from  what  would 
have  arisen  from  the  situation  of  the  thermometers,  on  a  sup- 
position of  transmitted  heat,  we  can  only  ascribe  it  to  a  conden- 

•  Sec  Plate  XVI.  Fig.  I. 
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sation  of  it  by  the  refraction  of  the  lens ;  and,  in  this  case,  the 
thermometer  No.  3,  by  its  situation,  must  have  been  partly 
within  the  reach  of  the  heat-image  formed  in  the  focus.  During 
the  experiment,  the  thermometers  were  alternately  screened 
two  minutes  from  the  effects  of  the  lens,  and  exposed  to  it  for 
the  same  length  of  time ;  and  the  result  was  as  follows. 


No.  2 

No.  3. 

In  ihe  Focus. 

Ne»r  the  Focu*. 

Screened 
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Open 
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60 
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61 

59 
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8 

57i 

Open 

10 

59* 

5H 

Here,  in  the  first  and  second  minutes,  No.  2  gained  two 
degrees  of  heat  more  than  No.  3.  In  the  third  and  fourth,  it 
lost  one  more  than  No.  3.  In  the  fifth  and  sixth,  it  gained  one 
more.  In  the  seventh  and  eighth,  it  lost  i±  more ;  and  in  the 
ninth  and  tenth,  it  gained  j  more  than  the  other  thermometer. 
This  plainly  indicates  its  being  acted  upon  by  refracted  heat. 
Lest  there  should  remain  a  doubt  upon  the  subject,  I  now 
removed  the  lens,  and,  putting  a  plain  glass  in  the  room  of  it,  I 
repeated  the  experiment,  with  all  the  rest  of  the  apparatus  in  its 
former  situation. 
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Here  we  find,  that  both  thermometers  received  heat  and 
parted  with  it  always  in  equal  quantities,  which  confirms  the 
experiment  that  has  been  given.  And  thus  it  is  evident,  that 
there  are  rays  issuing  from  red-hot  iron,  which  are  subject  to 
laws  of  refraction,  nearly  equal  to  those  which  affect  light ;  and 
that  these  rays  are  invested  with  a  power  of  causing  heat  in 
bodies. 

\6tb  Experiment.    Refraction  of  Fire-beat,  by  an  Instrument 

resembling  a  Telescope. 

It  occurred  to  me,  that  I  might  use  a  concave  mirror,  to 
condense  the  heat  of  the  fire  in  the  grate  of  my  chimney,  and, 
reflecting  it  sideways  by  a  plain  mirror,  I  might  afterwards 
bring  it  to  a  secondary  focus  by  a  double  convex  lens;  and 
that,  by  this  construction,  I  should  have  an  instrument  much 
like  a  Newtonian  telescope  *  The  thermometer  would  figura- 
tively become  the  observer  of  heat,  by  being  applied  to  the 
place  where,  in  the  real  telescope  of  the  same  construction,  the 
eye  is  situated  to  receive  light.  Having  put  together  the  different 
parts,  in  such  a  way  as  I  supposed  would  answer  the  end,  I 
tried  the  effect  by  a  candle,  in  order  to  ascertain  the  proper 
distance  of  the  object-mirror  from  the  bars  of  the  chimney-grate. 
The  front  of  the  apparatus  was  guarded  by  an  iron  plate,  with 
a  thick  lining  of  wood;  and  the  two  thermometers  which  I 
used,  were  parted  from  the  mirrors  and  lens  by  a  partition, 
which  screened  them  from  the  heat  that  was  to  be  admitted 
through  a  proper  opening  in  the  front  plate,  to  come  at  the 
object-mirror.  In  the  partition  was  likewise  an  opening,  of  a 
sufficient  diameter  to  permit  the  rays  to  come  from  the  eye-glass 
to  their  focus,  on  the  ball  of  the  thermometer  No.  1;  while 

•  See  Plate  XVI.  Fig.  2. 
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No.  4  was  placed  by  the  side  of  it,  at  less  than  half  an  inch 
distance.  In  the  experiment,  the  object-mirror  was  alternately 
covered  by  a  piece  of  pasteboard,  and  opened  again.  The  ther- 
mometers were  read  off*  every  minute;  but,  to  shorten  my 
account,  I  only  give  the  last  minute  of  every  change. 


• 

No.  1. 

• 

No.  4. 

In  the  Focus* 

NnrtoeFo. 

The  mirror  covered 

o' 

77k 

77i 

The  mirror  open 
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84, 

76 

Covered  - 

16 
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79i 

Open 

21 

*9i 

81 

Covered 

*7 

*9i 

82^ 

Open 

37 

91* 

Hi 

Covered 

47 

84 

77 

Here,  in  the  first  eight  minutes,  the  thermometer  exposed  to 
the  effects  of  the  fire-instrument,  gained  2  degrees  of  heat  more 
than  the  other.  In  the  next  8  minutes,  the  mirror  being  covered, 
it  gained  1  degree  less  than  the  other.  The  mirror  being  now 
opened  again,  it  gained,  in  5  minutes,  2^  degrees  more  than  the 
other.  When  covered  6  minutes,  it  gained  i£  degree  less  than 
No.  4.  In  the  next  10  minutes,  when  open,  it  gained  \  degree 
more ;  and,  in  the  last  10  minutes,  when  the  fire  began  to  fail, 
and  the  mirror  was  again  covered,  it  lost  1  degree  more  than 
the  other  thermometer.  All  which  can  only  be  accounted  for 
by  the  heat  which  came  to  the  thermometer  through  the  fire- 
instrument;  and,  as  this  experiment  confirms  what  has  been 
said  before  of  the  refraction  of  culinary  heat,  so  it  also  adds  to 
what  has  already  been  proved  of  its  reflection.  For,  in  this  fire- 
instrument,  the  rays  which  occasion  heat  could  undergo  no  less 
than  two  reflections  and  two  refractions. 
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\ytb  Experiment.  Refraction  of  the  invisible  Rays  of  solar  Heat. 

I  covered  one  half  of  Mr.  Dollond's  burning  lens  with  paste- 
board, and  threw  the  prismatic  spectrum  upon  that  cover;* 
then,  keeping  the  last  visible  red  colour  one-tenth  of  an  inch 
from  the  margin  of  the  pasteboard,  I  let  the  invisible  rays  be- 
yond the  spectrum  fall  on  the  lens.  In  the  focus  of  the  red 
rays,  or  a  very  little  beyond  it,  I  had  placed  the  ball  of  the  ther- 
mometer No.  1 ;  and,  as  near  to  it  as  convenient,  the  small  one 
No.  2.  Now,  that  the  invisible  solar  rays  which  occasion  heat 
were  accurately  refracted  to  a  focus,  may  be  seen  by  the  follow- 
ing account  of  the  thermometers. 

No.  1.  No.  2. 

Inthcrocw.  Near  the  Focui. 

o'  57  57 

1  102  57 

Here,  in  one  minute,  these  rays  gave  45  degrees  of  heat  to 
the  thermometer  No.  1,  which  received  them  in  the  focus,  while 
the  other,  No.  2,  suffered  no  change. 

It  is  remarkable,  that  notwithstanding  I  kept  the  red  colour 
of  the  spectrum  Tf^  of  an  inch  upon  the  pasteboard,  a  little  of 
that  colour  might  still  be  seen  on  the  ball  of  the  thermometer. 
This  occasioned  a  surmise,  that  possibly  the  invisible  rays  of  the 
sun  might  become  visible,  if  they  were  properly  condensed ;  I 
therefore  put  this  to  the  trial,  as  follows. 

iStb  Experiment.    Trial  to  render  the  invisible  Rays  of  the  Sun 

visible  by  Condensation. 

Leaving  the  arrangement  of  my  apparatus  as  in  the  last 
experiment,  I  withdrew  the  lens,  till  the  last  visible  red  colour 

•  See  Plate  XIV. 
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was  two-tenths  of  an  inch  from  the  margin  of  the  semicircular 
pasteboard  cover;  then,  taking  the  thermometers,  I  had  as 
follows. 

NTo.  2.  No.  3. 

o'  57  57 

*  78  57 

Here,  there  was  no  longer  the  least  tinge  of  any  colour,  or 
vestige  of  light,  to  be  seen  on  the  ball  of  the  thermometer ;  so 
that,  in  one  minute,  it  received  si  degrees  of  heat,  from  rays 
that  neither  were  visible  before,  nor  could  be  rendered  so  by 

To  account  for  the  colour  which  may  be  seen  in  the  focus, 
when  the  last  visible  red  colour  is  less  than  two-tenths  of  an 
inch  from  the  margin  of  the  pasteboard  which  intercepts  the 
prismatic  spectrum,  we  may  suppose,  that  the  imperfect  refrac- 
tion of  a  burning  lens,  which  from  its  great  diameter  cannot 
bring  rays  to  a  geometrical  focus,  will  bring  some  scattered  ones 
to  it,  which  ought  not  to  come  there.  We  may  also  admit,  that 
the  termination  of  a  prismatic  spectrum  cannot  be  accurately 
ascertained,  by  looking  at  it  in  a  room  not  sufficiently  dark  to 
make  very  faint  tinges  of  colour  visible.  And,  to  this  must  be 
added,  that  the  incipient  red  rays  must  actually  be  scattered 
over  a  considerable  space,  near  the  confines  of  the  spectrum,  on 
account  of  the  breadth  of  the  prism,  the  whole  of  which  cannot 
bring  its  rays  of  any  one  colour  properly  together ;  nor  can  it 
separate  the  invisible  rays  intirely  from  the  visible  ones.  For, 
as  the  red  rays  will  be  but  faintly  scattered  in  the  beginning  of 
the  visible  spectrum,  so,  on  the  other  hand,  will  the  invisible 
rays,  separated  by  the  parts  of  the  prism  that  come  next  in 
succession,  be  mixed  with  the  former  red  ones.   Sir  Isaac 
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Newton  has  taken  notice  of  some  imperfect  tinges  or  haziness, 
on  each  side  of  the  prismatic  spectrum,  and  mentions  that  he 
did  not  take  them  into  his  measures.* 

igtb  Experiment.  Refraction  of  invisible  culinary  Heat. 

There  are  some  difficulties  in  this  experiment ;  but  they  arise 
not  so  much  from  the  nature  of  this  kind  of  heat,  as  from  our 
method  of  obtaining  it  in  a  detached  state.  A  red-hot  lump  of 
iron,  when  cooled  so  far  as  to  be  no  longer  visible,  has  but  a  feeble 
stock  of  heat  remaining,  and  loses  it  very  fast.  A  contrivance 
to  renew  and  keep  this  heat  might  certainly  be  made,  and  I 
should  indeed  have  attempted  to  carry  some  method  or  other  of 
this  kind  into  execution,  had  not  the  following  trials  appeared 
to  me  sufficiently  conclusive  to  render  it  unnecessary.  Admit- 
ting, as  has  been  proved  in  the  15th  experiment,  that  the 
alternate  rising  and  falling  of  a  thermometer  placed  in  the  focus 
of  a  lens,  when  the  ball  of  it  is  successively  exposed  to,  or 
screened  from,  its  effects,  is  owing  to  the  refraction  of  the  lens, 
and  cannot  be  ascribed  to  a  mere  alternate  transmission  and 
stoppage  of  heat,  I  proceeded  as  follows  .-j-  My  lens,  1,4,  focus, 
and  1,1  diameter,  being  placed  2,8  inches  from  the  face  of  the 
heated  cylinder  of  iron,  the  thermometer  No.  2,  in  its  focus,  was 
alternately  guarded  by  a  small  pasteboard  screen  put  before  it, 
and  exposed  to  the  effects  of  condensed  heat  by  removing  it. 


•  Nswton's  Optics,  page  23,  line  11.  f  See  Plate  XVI.  Fig.  1. 
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Now,  the  beginning  of  this  experiment  being  exactly  like 
that  of  the  15th,  with  the  thermometer  No.  3  left  out,  the 
arguments  that  have  before  proved  the  refraction  of  heat  in  one 
etate,  will  now  hold  good  for  the  whole.  For  here  we  have  a 
regular  alternate  rising  and  falling  of  the  thermometer,  from  a 
bright  red  heat  of  the  cylinder,  down  to  its  weakest  state  of 
black  heat ;  where  the  effect  of  the  rays,  condensed  by  the  lens, 
exceeded  but  half  a  degree  the  loss  of  those  that  were  stopped 
by  it 

zotb  Experiment.    Confirmation  of  the  lgtb. 

In  order  to  have  some  additional  proof,  besides  the  uniform 
and  uninterrupted  operation  of  the  lens  in  the  foregoing  experi- 
ment, I  repeated  the  same,  with  an  assistant  thermometer, 
No.  3,  placed  first  of  all  at  |  of  an  inch  from  No.  2,  and  more 
towards  the  lens,  but  so  as  to  be  out  of  the  converging  pencil 
of  its  rays,  and  also  to  allow  room  for  the  little  screen  between 
the  two  thermometers,  that  No.  3  might  not  be  covered  by  it. 
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Here  No.  3,  being  out  of  the  reach  of  refraction,  gradually 
acquired  its  maximum  of  heat,  in  consequence  of  an  uniform 
exposure  to  the  influence  of  the  hot  cylinder ;  after  which,  it 
began  to  decline.  No.  2,  on  the  contrary,  came  to  its  maxi- 
mum by  alternate  great  elevations,  and  small  depressions  ;  and 
afterwards  lost  its  heat  by  great  depressions,  and  small  eleva- 
tions. After  the  first  eight  minutes,  I  changed  the  place  of  the 
assistant  thermometer,  by  putting  it  into  a  still  more  decisive 
situation ;  for  it  was  now  placed  by  the  side  of  that  in  the  focus, 
so  as  to  participate  of  the  alternate  screening,  and  also  to 
receive  a  small  share  of  one  side  of  the  invisible  heat-image, 
which,  though  unseen,  we  know  must  be  formed  in  the  focus 
of  the  lens.  Here,  if  our  reasoning  be  right,  the  assistant  ther- 
mometer should  be  affected  by  alternate  risings  and  fallings ; 
but  they  should  not  be  so  considerable  as  those  of  the  lens. 
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Here  the  changes  of  the  thermometer  No.  2  were  —  J  +  i 
—  1  J.  +  a  _  1  _|-  1 ;  and  those  of  No.  3  were  —  £  +  £  —  £ 
+  i  — i-f  J.  All  which  so  clearly  confirm  the  effect  of  the 
refraction  of  the  lens,  that  it  must  now  be  evident  that  there  are 
rays  issuing  from  hot  iron,  which,  though  in  a  state  of  total  in- 
visibility, have  a  power  of  occasioning  heat,  and  obey  certain  laws 
of  refraction,  very  nearly  the  same  with  those  that  affect  light. 

As  we  have  now  traced  the  rays  which  occasion  heat,  both 
solar  and  terrestrial,  through  all  the  varieties  that  were  men- 
tioned in  the  beginning  of  this  paper,  and  have  shewn  that,  in 
every  state,  they  are  subject  to  the  laws  of  reflection  and  of 
refraction,  it  will  be  easy  to  perceive  that  I  have  made  good  a 
proof  of  the  three  first  of  my  propositions.  For,  the  same 
experiments  which  have  convinced  us  that,  according  to  our 
second  and  third  articles,  heat  is  both  reflexible  and  refrangible, 
establish  also  its  radiant  nature,  and  thus  equally  prove  the  first 
of  them. 

END  OF  THE  FIRST  PART. 

Slough,  near  Windsor. 
April  z6,  1800. 
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1  i  I  .  [ 

EXPLANATION  OF  THE  FIGURES. 

See  Plates  XII.  XIII.  XIV.  XV.  and  XVI. 

Plate  XII.  Fig.  1. 

Shews  the  arrangement  of  the  apparatus  used  in  the  2d 
experiment. 

A,  is  the  small  mirror  with  its  adjusting  screws  m,  n. 
No.  2,  is  the  thermometer  in  the  focus  of  the  mirror. 
No.  3,  The  assistant  thermometer. 

B,  A  small  screen  for  the  thermometer  No.  2. 

C,  The  candle. 

D,  The  poker  which,  in  the  4th  and  10th  experiments,  is  to 
be  placed  in  the  situation  of  the  candle ;  the  rest  of  the  appa- 
ratus being  brought  nearer  to  it. 

Plate  XII.  Fig.  2. 

Shews  the  apparatus  used  in  the  3d  and  8th  experiments. 

A,  The  mirror. 

No.  2,  The  thermometer. 

BCD,  A  desk  adjustable  to  different  altitudes. 

E,  The  prism  receiving  the  sun's  rays  through  an  opening 
in  the  window  shutter  F. 

Plate  XII.  Fig.  3. 

AB,  is  the  front  of  the  apparatus,  which,  in  the  5th  experi- 
ment, is  exposed  to  the  fire  of  the  chimney. 

C,  is  the  opening  in  the  front  plate  AB,  for  the  admission  of 
heat. 

D,  is  the  small  mirror  which  reflects  the  rays  of  heat. 
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E,  is  the  hole  through  which  the  heat  passes  to  the  ther- 
mometers. 

No.  1  and  No.  4,  are  the  thermometers. 

F,  is  a  prism,  which,  in  the  6th  experiment,  is  to  be  placed 
in  the  room  of  the  mirror  D. 

Plate  XII.  Fig.  4. 

A,  is  the  board  that  holds  the  apparatus  used  in  the  7th 
experiment. 

B,  The  prism. 

C,  The  spectrum,  thrown  partly  on  the  paper  with  parallel 
lines,  and  partly  on  one  of  the  small  tables  which  support  the 
board. 

D,  The  mirror  which  reflects  the  rays  of  heat  sideways. 
No.  1,  The  thermometer  which  receives  the  reflected  rays. 
No.  2,  The  standard  thermometer. 

Plate  XIII.  Fig.  1. 

A  B,  is  the  front  which*  in  the  9th  experiment,  is  put  close  to 
the  flat  side  of  a  heated  iron  stove. 

« 

C,  is  the  mirror. 

D,  The  feather-edged  slip  of  deal,  on  two  pins. 

No.  2,  The  thermometer  which  receives  the  rays  condensed 
in  the  focus  of  the  mirror. 

No.  3,  The  standard  thermometer. 

E,  A  small  screen  tied  to  No.  3,  to  guard  it  from  reflected 
heat 

Plate  XIII.  Fig.  2. 
A,  The  lens  in  the  apparatus  used  for  the  12th  experiment. 
No.  2,  The  thermometer  placed  in  its  focus. 
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B,  The  screen  with  an  aperture  for  admitting  the  rays  of 
heat. 

C,  The  eccentric  pivot  for  turning  away  the  lens. 

D,  The  candle. 

Plate  XIV. 

A,  The  burning  lens,  covered ;  with,  the  prismatic  spectrum 
thrown  upon  an  opening,  left  for  it,  in  the  pasteboard  cover  of 
the  13th  experiment. 

No.  3,  The  thermometer  placed  in  its  focus. 

B,  The  prism. 

C,  Semicircular  cover,  used  in  the  17th  and  18th  experiments, 
instead  of  the  one  with  a  square  hole. 

Plate  XV. 

A,  The  burning  lens  of  the  14th  experiment. 

B,  The  fire  in  the  chimney. 

No.  1,  The  thermometer  in  the  focus  of  the  lens. 
No.  4,  The  standard  thermometer. 

C,  The  hole  through  which  the  rays  of  heat  pass  to  No.  1. 

D  and  E,  Two  holes,  between  which  the  ball  of  the  thermo- 
meter No.  4  is  screened  from  the  direct  rays  of  the  fire;  while 
free  access  is  given  to  the  heat  which  may  affect  the  tempera- 
ture of  the  place. 

Plate  XVI.  Fig.  1. 

A,  The  iron  cylinder,  stuck  upon  its  handle,  as  it  is  used  in 
the  15th  and  19th  experiments. 

B,  The  lens. 

C,  The  screen  with  an  opening  in  it. 

No.  2,  The  thermometer  in  the  focus  of  the  lens. 
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No.  3,  The  standard  thermometer. 

D,  The  little  moveable  pasteboard  screen. 

Plate  XVI.  Fig.  «. 

AB,  The  front,  plated  with  iron,  that  it  may  bear  to  be 
exposed  close  to  the  bars  of  a  chimney  fire. 

C,  The  concave  mirror. 

D,  The  plain  mirror. 
•    E,  The  lens. 

No.  1,  The  thermometer  in  the  focus  of  the  lens. 
No.  4,  The  standard  thermometer. 

F,  A  circular  opening  in  the  front  plate  A  B,  for  admitting 
the  rays  of  heat  to  fall  on  the  concave  mirror  C. 

m,  The  first  focus  of  the  rays,  from  which  they  go  on 
diverging,  to  the  small  mirror,  and  to  the  lens ;  which  brings 
them  to  a  second  focus,  on  the  ball  of  the  thermometer  No.  1. 
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XVI.  Chemical  Experiments  on  Zoophytes ;  with  some  Observa- 
tions  on  the  component  Parts  of  Membrane.  By  Charles 
Hatchett,  Esq.  F.  R.  S. 

Read  June  12,  1800. 

The  experiments  and  observations  on  shell  and  bone,  which 
I  had  the  honour  last  year  to  lay  before  this  learned  Society, 
were  made  in  consequence  of  my  having  discovered,  some  little 
time  before,  that  the  enamel  of  teeth  did  not  consist  principally 
of  carbonate  of  lime,  as  was  generally  believed,  but  was  of  a 
nature  similar  to  bone;  with  this  difference,  that  the  phosphate 
of  lime  was  not  deposited  in  and  upon  a  cartilaginous  or  mem- 
branaceous substance,  but  was  only  blended  with  a  certain 
portion  of  animal  gluten.*  By  the  experiments  subsequently 
made  on  various  shells,  crustaceous  substances,  and  bones,  it 
was  proved, 

1st.  That  the  porcellaneous  shells  resemble  the  enamel  of 
teeth  in  the  mode  of  formation,  but  that  the  hardening  substance 
is  carbonate  of  lime. 

sdly.  That  shells  composed  of  nacre  or  mother  of  pearl,  or 
approaching  to  the  nature  of  that  substance,  and  also  pearls, 

•  See  experiments  mentioned  in  Observations  on  the  teeth  of  graminivorous  qua- 
drupeds, C*c.  by  Eviiiard  Hows,  Esq.  F.R.S.  Phil.  Trans,  for  1799,  p.  243. 
MDCCC.  U  U 
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resemble  bone  in  a  considerable  degree,  as  they  consist  of  a 
gelatinous,  cartilaginous,  or  membranaceous  substance,  forming 
a  series  of  gradations,  from  a  tender  and  scarcely  perceptible 
jelly  to  membranes  completely  organized,  in  and  upon  which 
carbonate  of  lime  is  secreted  and  deposited,  after  the  manner 
that  phosphate  of  lime  is  in  the  bones ;  and  therefore,  as  the 
porcellaneous  shells  resemble  the  enamel  of  teeth,  so  the  shells 
formed  of  mother  of  pearl,  &c.  in  like  manner  resemble  bone ; 
the  distinguishing  chemical  character  of  the  shells  being  car- 
bonate of  lime,  and  that  of  enamel  and  bones  being  phosphate 
of  lime. 

3dly.  It  was  proved,  that  the  crust  which  covers  certain 
marine  animals,  such  as  crabs,  lobsters,  crayfish,  and  prawns, 
consists  of  a  strong  cartilage,  hardened  by  a  mixture  of  carbo- 
nate and  phosphate  of  lime;  and  that  thus  these  crustaceous 
bodies  occupy  a  middle  place  between  shell  and  bone,  although 
they  incline  principally  to  the  nature  of  shell.  And, 

4thly.  It  was  proved,  that  a  certain  portion  of  carbonate  of 
lime  enters  the  composition  of  bones  in  general ;  the  proportion 
of  it  however  being,  to  the  phosphate  of  lime,  vice  versd  to  that 
observed  in  the  crustaceous  marine  substances. 

Upon  the  view,  therefore,  of  these  facts,  it  is  evident,  that 
there  is  a  great  similarity  in  the  construction  of  shell  and  bone; 
and  that  there  is  even  an  approximation  in  the  nature  of  their 
composition,  by  the  intermediate  crustaceous  substances. 

These  remarks,  with  the  experiments  by  which  they  are 
supported,  form  the  principal  features  of  that  paper,  which  the 
Royal  Society  honoured  with  a  place  in  the  last  volume  of 
the  Philosophical  Transactions.   At  that  time,  it  was  not  my 
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intention  immediately  to  pursue  the  subject;  but  I  changed  this 
resolution,  after  a  conversation  with  my  friend  Dr.  Gray,  Sec. 
R.  S.  who  suggested,  that  many  marine  substances  still  remained 
•  to  be  examined  in  a  similar  manner ;  and  that  a  series  of  expe- 
riments on  Zoophytes  (hitherto  but  little  known  in  respect  to 
their  component  parts)  would  be  very  interesting,  and  might 
probably  lead  to  some  improvement  in  their  classification. 

I  was  therefore  induced  to  make  the  experiments  contained 
in  the  following  pages ;  and,  as  the  mode  adopted  was  very 
similar  to  that  which  was  formerly  pursued,  it  appears  super- 
fluous here  to  repeat  the  description. 

It  will  be  proper,  however,  to  observe,  that  argill  is  not  un- 
frequently  lodged,  as  an  extraneous  substance,  in  the  interstices 
of  many  of  the  Madrepores,  and  such  like  bodies ;  and,  as  argill 
is  precipitated  by  pure  ammoniac,  it  became  necessary  not  to 
rely  merely  on  the  ammoniac,  as  a  test  of  phosphate  of  lime. 

Whenever,  therefore,  any  precipitate  was  produced  by  ammo- 
niac, it  was  dissolved  again  in  acetous  acid,  and  this  solution 
was  examined  by  the  addition  of  acetite  of  lead. 

§  I,   EXPERIMENTS  ON  ZOOPHYTES. 

Madrepora  virginea.* 

This  Madrepore,  when  immersed  in  very  dilute  nitric  acid, 
effervesced  much,  and  was  soon  dissolved. 

The  solution  was  perfectly  transparent  and  colourless,  with 

•  The  different  species  are  named  according  to  Gmilin's  edition  of  Linna 
Systema  Natur*. 

Uu  ft 
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but  a  small  appearance  of  gelatinous  or  membranaceous  particles. 
Pure  ammoniac  was  then  added,  but  did  not  cause  any  altera- 
tion ;  and  the  whole  of  what  had  been  dissolved,  was  afterwards 
completely  precipitated  by  carbonate  of  ammoniac,  and  proved 
to  be  carbonate  of  lime. 

Madrepora  muricata. 

When  treated  like  the  former,  it  afforded  some  loose  particles 
of  a  gelatinous  substance :  these  were  separated  by  a  filter,  and 
the  solution  was  supersaturated  with  pure  ammoniac,  without 
effect ;  but,  upon  adding  carbonate  of  ammoniac,  the  dissolved 
part  was  precipitated,  in  the  state  of  carbonate  of  lime. 

Madrepora  labyrintbica. 

This,  being  examined  in  the  manner  abovementioned,  proved 
to  be  composed  of  carbonate  of  lime,  and  of  a  loose  gelatinous 
substance,  similar  to  that  afforded  by  Madrepora  muricata, 

Madrepora  ramea. 

When  this  Madrepore  was  first  immersed  in  very  dilute  nitric 
acid,  a  considerable  effervescence  was  produced ;  and,  after  a 
few  hours,  a  pale  brown  fibrous  membrane  remained,  which  in 
some  measure  exhibited  the  original  figure  of  the  Madrepore. 
The  clear  solution  being  poured  into  another  vessel,  only 
afforded  a  large  quantity  of  carbonate  of  lime. 

Madrepora  fascicularis. 

When  this  was  put  into  very  dilute  nitric  acid,  a  considerable 
effervescence  arose ;  and,  after  some  hours,  a  tender  membrane 
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was  left,  which  retained  the  original  shape.  Pure  ammoniac 
did  not  disturb  the  transparency  of  this  solution ;  but  a  copious 
precipitate  of  carbonate  of  lime  was  obtained,  by  the  addition  of 
carbonate  of  ammoniac. 

These  experiments,  on  only  a  few  of  the  Madrepores,  suffi- 
ciently prove  how  similar  they  are,  in  composition,  to  shell ;  for 
both  consist  of  the  same  materials,  subject  to  the  like  modifi- 
cations. 

> 

Millepora  carulea. 

This  produced  much  effervescence,  when  immersed  in  very 
dilute  nitric  acid.  The  blue  colour  disappeared,  as  the  calca- 
reous part  was  dissolved,  and  was  not  afterwards  restored  by 
ammoniac. 

Some  loose  detached  portions  of  a  gelatinous  substance 
floated  in  the  solution,  which  were  separated  by  a  filter.  The 
transparency  of  the  solution  was  not  disturbed  by  pure  ammo- 
niac; but  a  copious  precipitate  of  carbonate  of  lime  was  produced 
by  carbonate  of  potash.       ,  f  :  •. 

Millepora  alcicornis* 

This  Millepore,  when  treated  with  very  dilute  nitric  acid, 
produced  a  great  effervescence ;  and,  after  a  few  hours,  a  tender 
gelatinous  substance  remained,  which  did  not  retain  the  figure 
of  the  Millepore. 

Pure  ammoniac  had  not  any  effect;  but  carbonate  of  ammoniac 
precipitated  a  large  quantity  of  carbonate  of  lime. 

Millepora  polymorpba. 
This  produced  an  effervescence,  when  put  into  dilute  nitric 
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acid ;  and,  after  some  hours,  a  substance  remained,  which  com- 
pletely retained  the  original  figure  of  the  Millepore. 

The  substance  which  thus  remained,  was  composed  of  a 
strong  white  opaque  membrane,  which  formed  the  external 
part ;  the  interior  of  this,  was  filled  with  a  transparent  gela- 
tinous substance.  Ammoniac  produced  a  very  slight  precipitate, 
which,  being  dissolved  in  acetous  acid,  was  proved  to  be  phos- 
phate of  lime,  by  solution  of  acetite  of  lead.  Carbonate  of  soda 
afterwards  precipitated  a  large  quantity  of  carbonate  of  lime. 

Millepora  cellulosa. 

This  Millepore  effervesced  much  with  dilute  nitric  acid ;  and, 
when  this  had  ceased,  a  finely  perforated  membrane  remained, 
in  structure  and  appearance  like  the  original  substance. 

Ammoniac  did  not  produce  any  effect ;  but  a  large  quantity 
of  carbonate  of  lime  was  obtained  by  carbonate  of  soda. 

.  Millepora  fascialis. 

This  resembled  the  former  in  every  particular;  and  left  a 
membrane  perfectly  like  the  Millepore. 

Millepora  truncate. 

When  treated  with  dilute  nitric  acid,  it  effervesced  much,  like 
the  former ;  and,  after  a  few  hours,  a  semi-transparent  membra- 
naceous substance  remained,  which  exhibited  completely  the 
shape  and  structure  of  the  original  Millepore. 

Ammoniac  did  not  disturb  the  transparency  of  the  solution ; 
but  the  whole  of  the  dissolved  portion  was  precipitated,  in  the 
state  of  carbonate  of  lime,  by  carbonate  of  ammoniac. 

The  remark  lately  made  on  the  Madrepores  may  here  also 
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be  repeated,  as  the  composition  of  the  Millepores  appears  to  be 
the  same,  with  the  single  exception  of  Millepora  polymorpba, 
which  afforded  some  slight  traces  of  phosphate  of  lime.  But 
time  and  future  experiments  will  shew  whether  this  was  an  acci- 
dental circumstance,  or  whether  the  Millepora  polymorpba  is 
thus  distinctly  characterised. 

It  is  likewise  necessary  to  add,  that  when  these  various 
Madrepores  and  Millepores  were  exposed  to  red  heat,  in  a 
crucible,  they  emitted  smoke,  with  the  smell  of  burned  hom  or 
feathers,  became  tinged  with  a  paler  or  deeper  gray  colour,  and 
(when  dissolved  in  acids)  deposited  more  or  less  animal  coal,  in 
proportion  to  the  quantity  of  the  gelatinous  or  membranaceous 
substance  detected  by  the  experiments  lately  described.* 

Tubipora  musica. 

Of  the  Tubipora,  I  had  only  an  opportunity  to  examine  this 
.   •  - 
species. 

Like  the  former  substances,  it  was  immersed  in  an  acid,  and 
on  this  occasion  I  employed  the  acetous  acid.  A  great  effer- 
vescence was  produced,  and  the  red  colour  was  destroyed,  in 
proportion  as  the  calcareous  part  was  dissolved.  When  the 
solution  was  completely  effected,  some  loose  particles  of  a 
tender  membrane  floated  in  the  liquor,  and  were  separated  by  a 
filter. 

Pure  ammoniac,  added^to  the  solution,  produced  a  precipitate  ; 
which  proved  to  be  argill,  accidentally  lodged  in  the  interstices 
of  the  Tubipore. 

•  The  order  in  which  these  experiments  are  placed,  is  not  that  according  to  which 
they  were  made ;  but  it  has  been  adopted,  because  it  shews  more  evidently  the  grada- 
tions of  the  membranaceous  substances. 
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To  the  filtrated  liquor,  carbonate  of  potash  was  added,  and 
precipitated  a  large  quantity  of  carbonate  of  lime. 

Flustra  foliacea. 

When  this  was  immersed  in  very  dilute  nitric  acid,  an  effer- 
vescence of  short  duration  took  place;  and,  when  this  had 
ceased,  the  Flustra  appeared  like  a  finely  reticulated  membrane, 
which  retained  the  original  shape. 

Pure  ammoniac  being  added  to  the  filtrated  solution,  pro- 
duced a  slight  precipitate;  which,  being  dissolved  in  acetous  acid, 
was  proved,  by  acetite  of  lead,  to  be  phosphate  of  lime. 

Solution  of  carbonate  of  ammoniac  was  then  added  to  the 
liquor  from  which  the  phosphate  of  lime  had  been  separated, 
and  produced  a  copious  precipitate  of  carbonate  of  lime. 

When  the  Flustra  foliacea  was  exposed  to  a  low  red  heat,  in  a 
crucible,  it  emitted  a  smell  like  burned  horn,  but  retained  its 
shape,  by  reason  of  the  carbonate  of  lime  with  which  it  was 
coated.  The  Flustra  thus  burned,  when  dissolved  in  dilute  nitric 
acid,  deposited  some  animal  coal;  but,  in  other  respects,  the 
present  solution  resembled  the  former  nitric  solution  of  this 
substance  when  in  a  recent  state. 

The  Flustra  foliacea,  when  long  digested  with  boiling  distilled 
water,  communicated  to  it  a  pale  brownish  tinge.  Infusion  of 
oak  bark  being  then  poured  into  the  liquor,  did  not  produce  any 
visible  effect,  even  after  24,  hours  had  elapsed ;  but  nitro-muriate 
of  tin  formed  a  white  cloud,  in  the  space  of  a  few  minutes. 

Corallina  Opuntia.  . 

This  being  put  into  very  dilute  nitric  acid,  produced  (like  the 
Flustra  foliacea)  an  effervescence  of  short  duration. 
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The  coralline  then  remained  in  a  membranaceous  state,  and 
retained  the  original  figure.  To  the  filtrated  solution  some  pure 
ammoniac  was  added,  but  it  scarcely  produced  any  visible  effect 

Carbonate  of  ammoniac  precipitated  a  large  quantity  of  car- 
bonate of  lime. 

Some  of  the  Corallina  Opuntia  was  then  exposed  to  a  low  red 
heat,  in  a  crucible;  it  emitted  a  smell  of  burned  horn,  and  in 
great  measure  retained  its  shape,  evidently  from  the  calcareous 
coating. 

The  burned  coralline,  being  dissolved  in  dilute  nitric  acid, 
deposited  some  animal  coal. 

The  clear  solution  afforded,  by  pure  ammoniac,  a  very  slight 
precipitate  of  phosphate  of  lime ;  after  which,  the  carbonate  of 
lime  was  precipitated  as  before. 

This  coralline,  when  treated  with  boiling  water, like  the  Flustra 
foliacea,  did  not  discolour  it ;  neither  was  the  water  changed  by 
infusion  of  oak  bark ;  but  nitro-muriate  of  tin  produced  a  faint 
white  cloud. 

Isis  ocbracea. 

When  this  Isis  was  immersed  in  dilute  nitric  acid,  a  consi- 
derable effervescence  was  produced ;  and,  in  proportion  as  the 
calcareous  substance  was  dissolved,  the  red  colouring  matter 
was  deposited,  in  the  state  of  a  fine  red  powder.* 

When  the  effervescence  had  ceased,  (which  was  after  about 
three  hours,)  a  yellowish  membrane  remained, which  completely 
retained  the  original  figure  of  the  Isis, 

*  This  colouring  substance  was  not  dissolved,  nor  changed,  when  nitric  or  muriatic 
acids  were  poured  upon  it.  It  appears,  therefore,  to  be  very  different  from  the  tinging 
matter  of  the  Tubipora  musica,  or  that  of  the  Gorgonia  nobilis. 
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The  solution,  being  filtrated,  was  saturated  with  pure  ammo- 
niac, by  which,  a  slight  precipitate  of  phosphate  of  lime  was 
separated.  A  large  quantity  of  carbonate  of  lime  was  afterwards 
precipitated,  by  solution  of  carbonate  of  potash. 

Part  of  a  branch  of  this  Isis  was  put  into  a  crucible  heated  to 
a  low  red  heat.  A  great  quantity  of  smoke  was  emitted,  which 
had  the  smell  of  burned  horn ;  and,  after  a  few  minutes,  the 
branch  separated  at  the  knotty  joints,  into  as  many  pieces  as 
there  were  joints  in  the  branch.  These  joints  had  all  the 
characters  of  coral ;  but  the  whole  of  the  membrane  which  had 
invested  them,  as  well  as  the  knotted  protuberances  by  which 
they  had  been  connected,  were  destroyed,  by  being  converted 
into  coal.  From  this  circumstance,  I  was  desirous  to  examine 
the  internal  structure  of  the  membranaceous  part,  out  of  which 
these  joints  of  coral  had  been  dissolved  by  acids. 

I  took,  therefore,  the  membranaceous  substance  which  re- 
mained after  the  first  experiment,  and  which  (as  I  have  already 
observed)  retained  the  complete  figure  of  the  Isis. 

This  substance  being  opened  longitudinally,  exhibited  a  series 
of  cavities,  corresponding  in  form  with  the  coralline  joints,  and 
so  situated,  that  each  of  these  cavities  extended  from  one  bulb 
or  knot  nearly  to  the  next,  throughout  the  whole  of  the  branch. 

The  coralline  joints,  when  viewed  separately,  appeared 
smaller  in  the  middle  than  at  the  ends,  which  were  terminated 
by  obtuse  cones. 

In  the  branch,  these  joints  were  so  placed,  that  the  extre- 
mities or  cones  were  opposed  point  to  point ;  but  were  prevented 
from  immediate  contact,  by  a  gristly  substance,  which  filled,  and 
indeed  principally  formed  in  the  branch,  the  knot  or  bulb  of 
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each  joint,  and  was  interposed  between  the  cones  of  the  coralline 
substance,  like  the  common  cartilages  of  the  articulations. 

From  this  construction  it  appears,  that  this  Isis  is  capable  of 
great  flexibility  when  in  a  recent  state ;  for  the  gristly  part  of  the 
bulbs  is  then  most  probably  much  softer,  and  more  elastic,  than 
it  appears  to  be  in  the  dried  specimens  which  are  found  in 
collections,* 

The  gristly  substance  which  forms  the  bulbs,  and  the  coralline 
joints,  are  kept  together,  and  are  covered,  by  a  thin  skin  or 
membrane,  which  is  continued  over  the  whole,  like  a  tube.  The 
joints  are  not,  therefore,  devoid  of  a  coating,  as  seems  to  be 
implied  by  the  definition  of  Linnaeus. 

Isis  Hippuris. 

Part  of  a  branch  of  this  Isis  was  immersed  in  very  dilute 
nitric  acid,  and  a  considerable  effervescence  immediately  took 
place.  When  this  effervescence  had  ceased,  there  appeared  little 
or  no  change  in  the  original  form  of  the  Isis ;  but  the  coralline 
joints  were  now  become  a  soft,  compact,  white,  and  opaque 
membranaceous  substance ;  while  the  dark  brown  intermediate 
parts  retained  also  their  form,  and  in  other  characters  resembled 
those  of  horn. 

The  solution  was  colourless  and  transparent.  When  saturated 
with  pure  ammoniac,  it  was  not  affected ;  but  carbonate  of  pot- 
ash produced  a  copious  precipitate  of  carbonate  of  lime. 

'Another  part  of  this  Isis  was  exposed  to  a  low  red  heat,  in  a 

*  It  must  here  be  observed,  that  the  articulated  structure  abovementioned,  is  not  to 
be  found  in  those  parts  which  form  the  main  stem,  with  its  larger  branches;  the 
joints  in  those  parts  being  consolidated,  so  as  to  constitute  a  strong  and  rigid  trunk, 
upon  which  the  whole  fabric  is  supported. 
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crucible.  The  dark  brown  horny  parts  swelled,  and  puffed  up, 
with  much  smoke,  and  a  smell  like  that  of  burned  horn. 

The  coralline  joints  also  emitted  the  same  smoke  and  smell, 
and  became  dark  gray. 

When  put  into  dilute  nitric  acid,  a  solution  was  made,  with 
effervescence,  during  which,  there  was  a  copious  deposition  of 
animal  coal. 

From  this  solution,  nothing  but  carbonate  of  lime  was  ob- 
tained by  the  usual  precipitants. 

A  tube  of  membrane  invests  the  curious  structure  of  the  Isis 
ocbracea ;  but  no  such  tube  or  outer  coat  exists  in  the  Isis  Hip- 
puris ;  for  the  coralline  joints  (like  some  of  the  Madrepores, 
Millepores,  &c.J  consist  of  a  membranaceous  substance,  hardened 
by  carbonate  of  lime,  and  the  only  difference  appears  to  be, 
that  in  the  Madrepores  and  Millepores,  the  membranaceous  part 
is  less  compact  and  abundant ;  but,  even  the  striae  of  the  coral- 
line joints  remain  visible,  and  unchanged,  in  the  membrane  of 
this  Isis. 

The  brown  horny  part  forms  also  a  marked  characteristic 
in  this  Isis,  and  seems  to  approach  it  to  certain  of  the  Gor- 
gonia. 

This  horny  part  does  not  however  pervade  the  whole  of  the 
branch ;  for,  where  the  coralline  joints  commence,  this  horny 
substance  immediately  terminates,  internally  as  well  as  exter- 
nally, and  is  not  to  be  discovered  but  between  or  in  the  separa- 
tion of  these  joints. 

Gorgonia  nobilis. 

I  next  proceeded  to  examine  the  Gorgonia  nobilis  or  red  coral; 
and,  of  this,  I  separately  subjected  to  experiment  different  pieces, 
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some  of  which  were  polished,  and  deprived  of  their  external, 
pale  red,  mealy  coat,  whilst  others  were  in  their  original  state. 

A  piece  of  the  unpolished  red  coral  being  put  into  dilute 
nitric  acid,  an  effervescence  immediately  took  place;  and,  after 
some  hours,  the  whole  of  the  calcareous  substance  was  com* 
pletely  dissolved. 

The  external  coat  retained  the  original  figure,  and  appeared 
like  a  pale  yellow  tubulated  membrane,  the  interior  of  which 
was  filled  with  a  transparent  gelatinous  substance.  From  the 
solution  I  only  obtained  a  large  quantity  of  carbonate  of  lime. 

The  next  experiment  was  made  in  a  manner  exactly  similar 
to  the  former ;  but  a  piece  of  the  polished  or  uncoated  red  coral 
was  now  taken, 

The  effects  produced  by  the  diluted  acid  were  the  same  as 
before ;  but,  in  the  solution,  some  loose  portions  of  a  transparent 
yellow  gelatinous  substance  were  now  only  to  be  seen. 

The  filtrated  solution  was  treated  as  in  the  former  experiment, 
and  afforded  a  considerable  quantity  of  carbonate  of  lime. 

As  it  was  possible  that  the  action  of  the  nitric  acid  (although 
much  diluted)  might  be  too  powerful,  I  was  induced  to  try 
the  effects  of  acetous  acid,  in  which  I  immersed  a  piece  of  the 
red  coral  in  its  natural  state.  It  was  gradually  dissolved,  with 
a  slow  effervescence,  and  left  an  external  tubulated  membrane, 
retaining  the  original  form,  and  filled  with  a  transparent  gela- 
tinous substance,  as  in  the  first  experiment. 

The  solution,  when  filtrated,  afforded  carbonate  of  lime. 

A  piece  of  the  polished  or  uncoated  red  coral  was  treated  with 
acetous  acid,  in  a  similar  manner. 

It  was  slowly  dissolved,  and  left  a  transparent  gelatinous 
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substance,  like  that  which  has  already  been  mentioned,  excepting 
that  it  was  not  in  detached  portions. 

This  solution,  like  the  former,  only  yielded  carbonate  of  lime. 

It  may  here  be  observed,  that  in  each  of  the  above  related 
experiments,  the  red  colour  of  the  coral  was  gradually  destroyed, 
as  the  solution  of  the  calcareous  substance  advanced,  and  could 
not  afterwards  by  any  means  be  restored ;  nor  could  any  colour- 
ing principle  whatever  be  detected  by  the  re-agents  usually 
employed. 

j\  piece  of  red  coral,  in  its  natural  or  uncoated  state,  was 
exposed  to  a  low  red  heat,  in  a  crucible,  during  about  ten  minutes, 
at  which  time  a  faint  smell  of  burned  horn  was  to  be  perceived. 
When  the  coral  was  taken  out  of  the  crucible,  it  had  completely 
lost  the  red  colour,  and  was  become  pale  gray.  It  dissolved  in 
dilute  nitric  acid,  with  effervescence,  and  some  animal  coal  was 
separated. 

To  the  filtrated  solution  pure  ammoniac  was  added,  and  pro- 
duced a  very  slight  precipitate,  which  was  collected,  and  was 
afterwards  dissolved  in  acetous  acid.    From  this  solution,  by 

■ 

the  addition  of  acetite  of  lead,  some  phosphate  of  lead  was 
obtained. 

The  carbonate  of  lime  was  afterwards  precipitated  in  the 
usual  manner. 

As  the  very  small  portion  of  phosphate  of  lime  discovered  in 
the  preceding  experiment,  (and  which  had  escaped  the  action  of 
the  acids  then  employed,)  might  be  only  contained  in  the 
coating  or  epidermis,  a  piece  of  the  polished  or  uncoated  coral 
was  treated  in  a  similar  manner;  but,  upon  examining  the  solu- 
tion, it  afforded  a  small  portion  of  phosphate,  with  a  large 
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quantity  of  carbonate  of  lime ;  so  that  the  result  of  this  experi- 
ment did  not  differ  from  that  of  the  former. 

From  the  preceding  experiments  it  appears,  that  the  Gorgonia 
nobilis  or  red  coral,  consists  of  two  parts ;  one  of  which  is  the 
stem,  formed  of  a  gelatinous  substance,  hardened  by  carbonate  of 
lime,  and  coloured  by  some  unknown  modification  of  animal 
matter ;  the  other  is  a  membranaceous  tube,  which,  like  a 
cuticle  or  cortex,  coats  the  stem  abovementioned,  and  (when 
deprived  of  its  hardening  substance)  possesses  all  the  characters 
of  membrane.  But,  although  carbonate  of  lime  could  only  be 
discovered,  when  this  Gorgonia  was  simply  immersed  in  acids,  yet 
it  has  been  proved  by  these  experiments,  that  a  small  portion  of 
phosphate  of  lime  is  also  present,  but  so  enveloped  by  the  mem- 
branaceous and  gelatinous  parts,  as  not  to  be  dissolved  by  the 
acid  menstrua,  till  these  substances  have  been  decomposed  by 
fire. 

This  is  not  an  unusual  circumstance,  when  a  very  small  por- 
tion of  a  substance  is  enveloped  by  large  quantities  of  other 
matter;  for,  Berg  man  n,  in  his  supplement  to  Scheele's  Essay 
on  the  Calculus  Vesica,  observes,  that  the  presence  of  calcareous 
earth  in  certain  calculi,  could  not  be  discovered  in  the  usual 
manner,  but  by  operations  ,made  expressly  for  the  purpose.* 

I  do  not  pretend  to  determine  whether  the  very  small  por- 
tion of  phosphate  of  lime  in  the  Gorgonia  nobilis  is  an  essential 
ingredient  or  not ;  but  the  mode  of  construction  evidently  proves 
how  much  this  Gorgonia  differs  from  the  Madrepores  and  Mil- 
lepores,  as  well  as  from  the  Gorgonia  about  to  be  mentioned. 

•  Scheeli's  Essays,  translated  by  Dr,  Bed  does.   Page  208. 
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Gorgonia  ceratopbyta. 

When  this  was  immersed  in  dilute  nitric  acid,  an  effervescence 
was  produced ;  after  which,  the  cortical  part  appeared  like  a  thin 
yellowish  membrane  investing  the  stem,  which  was  become 
transparent,  and  similar  to  cartilage. 

Ammoniac  precipitated  from  the  solution  a  large  quantity  of 
phosphate  of  lime;  and  lixivium  of  potash  separated  some  car- 
bonate of  lime. 

A  quantity  of  the  cortex  (which  had  been  separated  from  the 
stem  by  beating  it  between  folded  writing  paper)  was  steeped 
in  the  dilute  acid.  This  solution  afterwards,  with  ammoniac, 
scarcely  afforded  a  vestige  of  phosphate  of  lime ;  but,  when  lixi- 
vium of  carbonate  of  potash  was  added,  a  considerable  quantity 
of  carbonate  of  lime  was  obtained. 

The  stem,  on  the  contrary,  when  thus  treated,  afforded  much 
phosphate  of  lime,  and  very  little  of  the  carbonate.  When 
burned  in  a  crucible,  it  smoked,  and  emitted  a  smell  like  bumed 
horn,  but  the  figure  was  not  destroyed ;  and,  when  afterwards 
dissolved  in  the  acid,  it  yielded  the  same  products  as  before. 

Gorgonia  Flabellum. 

When  this  Gorgonia  was  steeped  in  dilute  nitric  acid,  it  pro- 
duced an  effervescence  of  short  duration.  The  cortical  part 
then  appeared  like  a  thin  yellowish  membrane,  which  covered 
the  stem. 

The  latter  was  transparent,  and  resembled  softened  horn  of 
a  reddish  brown  colour. 

The  solution  afforded  a  large  quantity  of  phosphate  of  lime, 
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by  the  addition  of  ammoniac ;  after  which,  lixivium  of  potash 
formed  a  less  copious  precipitate  of  carbonate  of  lime. 

Some  parts  of  the  cortex  were  separated,  by  beating  the  Gor- 
gonia  between  folded  writing  paper,  and  were  immersed  in  the 
acid. 

This  solution  was  scarcely  rendered  turbid  by  ammoniac ;  but 
afforded  a  considerable  portion  of  carbonate  of  lime  by  potash. 

The  stem  from  which  the  above  cortical  part  had  been  sepa- 
rated, was  next  examined  by  the  dilute  acid,  in  which,  when 
steeped  during  three  days,  it  became  soft,  elastic,  and  in  some1 
measure  cartilaginous. 

The  acid  was  saturated  with  pure  ammoniac,  and  then 
changed  to  a  deep  yellow  or  orange  colour :  a  large  quantity  of 
phosphate  of  lime  was  at  the  same  time  separated ;  and  but  very 
little  carbonate  of  lime  was  afterwards  precipitated  by  potash. 

The  recent  stem  in  great  measure  retained  its  shape,  when  put 
into  a  red-hot  crucible;  but  that  which  had  been  steeped  in  the 
acid,  curled  up,  and  soon  became  a  shapeless  mass  of  coal, 
which,  by  a  longer  continuation  of  the  red  heat,  was  completely 
dissipated. 

This  difference  appears  to  have  been  caused  by  the  phosphate 
of  lime,  which  was  present  in  the  recent  stem,  but  was  dissolved 
and  separated  in  the  latter  case  by  the  acid.* 

These  experiments  prove,  that  the  Gorgonia  Flabellum,  like 
the  Gorgonia  ceratopbyta,  consists  of  a  horny  stem,  containing 
a  certain  portion  of  phosphate  of  lime ;  and  that  this  stem  is 
invested  with  a  membrane,  hardened  principally  by  carbonate  of 

*  These  different  effects  are  to  be  observed,  when  bone,  and  when  the  cartilage  or 
membrane  which  remains  after  bone  has  been  long  steeped  in  acids,  are  subjected 
to  a  red  heat. 
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lime,  which  serves  to  coyer  and  defend  it,  in  the  manner  of  a 
shell* 

Gorgonia  suberosa. 

The  cortical  part  of  this  Gorgonia  was  separated  from  the 
stem,  and  was  first  subjected  to  experiment. 

Some  portions  of  this  cortex  were  immersed  in  dilute  nitric 
acid;  and,  after  an  effervescence  which  continued  several  hours, 
a  soft  yellowish  membranaceous  substance  remained,  retaining 
the  original  figure. 

The  liquor,  when  decanted,  was  pale  yellow,  which  colour 
was  much  deepened  by  the  addition  of  ammoniac;  at  the  same 
time,  a  small  quantity  of  phosphate  of  lime  was  deposited. 

A  considerable  portion  of  carbonate  of  lime  was  afterwards 
precipitated  by  carbonate  of  potash. 

Some  pieces  of  the  cortex  were  boiled  with  distilled  water 
during  about  six  hours ;  and,  to  the  filtrated  liquor,  infusion  of 
oak  bark  was  added,  by  which,  a  large  quantity  of  gelatin  was 
precipitated. 

The  same  pieces  were  afterwards  boiled  with  lixivium  of 
caustic  potash,  which  effected  a  perfect  solution,  and  formed  the 
animal  soap  of  Chaptal  ;  at  the  same  time,  the  calcareous  matter 
subsided  to  the  bottom  of  the  matrass. 

The  cortical  part  of  this  Gorgonia,  when  put  into  a  red-hot 
crucible,  emitted  much  smoke,  with  a  smell  like  horn  that  is 

*  It  may  here  be  proper  to  observe,  that  the  membranaceous  part  of  all  these  sub- 
stances,  such  as  the  Madrepores,  Millepores,  Flustra,  &c.  &c.  was  dissolved,  when 
these  bodies  were  boiled  with  lixivium  of  caustic  potash  ;  and  animal  soap  was  formed. 

The  same  may  also  be  said  of  shells ;  and  Mr.  Va  n  Mon  i  has  noticed  this  effect  on 
those  of  the  oyster.   See  Annalts  de  Cbimic,  Tome  XXXI.  p.  123. 
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burned ;  after  this,  it  fell  into  pieces,  which,  being  dissolved  m 
nitric  acid,  afforded  a  small  portion  of  phosphate  of  lime,  and  a 
large  quantity  of  carbonate  of  lime. 

When  the  stem  of  this  Gorgonia  was  steeped  during  14  or 
15  days  in  dilute  nitric  acid,  it  tinged  it  with  pale  yellow.  The 
stem,  after  this,  appeared  more  transparent  and  flexible,  so  as 
to  approach  the  characters  of  cartilage. 

The  yellow  liquor  was  changed  to  a  deep  yellow  or  orange 
colour  by  the  addition  of  ammoniac;  but  did  not  yield  any  pre- 
cipitate, even  when  carbonate  of  potash  was  added. 

Part  of  a  stem  was  cut  into  small  pieces,  and  was  boiled  for 
several  hours  with  distilled  water. 

When  filtrated,  the  water  had  acquired  a  very  pale  yellow 
tinge ;  and,  upon  the  addition  of  infusion  of  oak  bark,  yielded  a 
slight  precipitate  of  gelatin. 

Lixivium  of  caustic  potash  was  then  poured  upon  the  same 
pieces ;  and,  being  boiled,  a  thick  dark-coloured  viscid  substance 
was  formed,  which  possessed  all  the  characters  of  Chaptal'* 
animal  soap. 

When  the  stem  of  this  Gorgonia  was  exposed  to  a  red  heat 
in  a  retort,  or  crucible,  it  curled  up,  and  smelled  like  burned 
horn ;  after  which,  a  spongy  coal  remained,  of  difficult  inci- 
neration. 

By  a  long  continuation  of  the  heat,  a  residuum  was  left,  so 
small  as  scarcely  to  be  collected,  which,  being  dissolved  in  dilute 
nitric  acid,  afforded,  by  the  addition  of  ammoniac,  a  slight  pre- 
cipitate of  phosphate  of  lime. 

Another  species  of  Gorgonia,  which  much  resembled  the 
suberosa,  (excepting  that  the  cortical  part  was  much  larger 
in  proportion  to  the  stem,)  was  next  subjected  to  examination, 
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and  proved  to  be  of  a  similar  composition  with  those  already 
mentioned. 

Gorgonia  pectinata. 

The  cortical  part  of  this  Gorgonia  effervesced  with  dilute 
nitric  acid,  and  left  a  soft  yellowish  white  membrane. 

Ammoniac  precipitated  a  small  quantity  of  phosphate  of  lime; 
after  which,  a  copious  precipitate  of  carbonate  of  lime  was 
obtained  by  potash. 

The  stem,  in  its  habits,  resembled  those  which  have  been 
described. 

Gorgonia  setosa. 

An  effervescence  was  produced  upon  the  immersion  of  this 
Gorgonia  in  dilute  nitric  acid;  and,  after  some  hours,  the  cortical 
part  appeared  like  a  thin  yellowish  membrane,  which  coated  the 
horny  stem. 

The  acid  solution,  upon  the  addition  of  ammoniac,  yielded  a 
slight  precipitate  of  phosphate  of  lime ;  and  a  large  quantity  of 
carbonate  of  lime  was  afterwards  obtained  by  potash. 

When  the  cortex  was  separately  steeped  in  the  acid,  and  the 
solution  examined  in  the  way  so  often  mentioned,  only  car- 
bonate of  lime  was  obtained.* 

On  the  contrary,  the  stem  (whether  recent  or  burned)  af- 
forded a  small  portion  of  phosphate  of  lime,  but  scarcely  any 
trace  of  carbonate.  The  stem  which  had  been  long  steeped  in 
the  acid,  became  soft  and  transparent,  like  a  cartilaginous  or 
tendinous  substance. 

•  When  the  cortical-  part  had  been  long  digested  in  boiling  distilled  water,  a 
brownish  solution  was  formed,  which  was  but  little  affected  by  infusion  of  oak  bark  t 
but  nitr*-muriatc  of  tin  produced  a  precipitate. 
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The  Gorgonia  which  have  been  enumerated,  much  resemble 
each  other  in  the  composition  of  their  cortices,  as  well  as  in  the 
nature  of  their  stems.  t 

In  the  cortex,  the  predominant  hardening  substance  is  car- 
bonate of  lime;  but,  in  the  stem,  phosphate  of  lime  is  the  chief 
and  almost  the  only  earthy  substance  that  is  present. 

The  following  Gorgonia  (although  in  like  manner  invested 
by  a  cortex)  are  different,  as  they  do  not  afford  any  phosphate 
of  lime. 

Gorgonia  Umbraculum, 
Gorgonia  verrucosa, 
and  three  other  species  not  described,  so  much  resemble?  each 
other  in  their  chemical  characters,  that  it  would  be  superfluous 
to  give  a  separate  account  of  them. 

The  cortical  parts  of  these  Gorgonia  were  separately  immersed 
in  dilute  nitric  acid.  An  effervescence  immediately  took  place, 
and,  after  some  time,  they  were  found  in  the  state  of  soft, 
pulpy,  yellowish  white  membranaceous  bodies,  retaining  nearly 
their  original  size  and  form. 

The  acid  solutions  did  not  afford  any  phosphate  of  lime 
when  ammoniac  was  added ;  but  a  large  portion  of  carbonate 
of  lime  was  precipitated  by  solution  of  potash. 

The  stems  of  these  Gorgonia,  when  immersed  during  14 
days  or  more  in  the  dilute  acid,  were  very  little  affected,  ex- 
cepting, that  they  became  softer  and  transparent,  so  as  to 
approach  the  characters  of  cartilage  or  softened  horn  * 

• 

•  The  stems  of  the  various  Gorgonia,  which  had  been  thus  softened  by  long 
immersion  in  dilute  nitric  acid,  became  of  a  deep  reddish  orange  colour,  inclining  to 
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The  acid  in  which  they  had  separately  been  steeped,  did  not 
afford  any  precipitate  by  the  addition  of  the  alkalies ;  and  the 
only  change  was  in  the  colour,  which  became  deep  yellow  when 
ammoniac  was  added. 

The  Gorgonia  now  to  be  mentioned,  differ  from  the  former, 
as  they  are  not  coated  with  a  fleshy  or  pulpy  cortical  substance. 
They  are  here  placed  immediately  before  the  Antipatbes,  on 
account  of  their  great  similarity  in  chemical  properties,  as  well 
as  in  external  appearance. 

Gorgonia  Antipatbes. 

Some  pieces  of  this  Gorgonia  were  immersed  m  dilute  mtric 
acid  during  three  weeks,  at  the  end  of  which  time  they  were 
much  softened,  and  appeared  to  be  composed  of  a  pale  brown, 
opaque,  membranaceous  substance,  which  formed  concentrical 
coats,  of  a  ligneous  aspect. 

The  acid  in  which  these  pieces  had  been  steeped,  was  become 
pale  yellow,  and  changed  to  orange  colour  when  ammoniac 
was  added;  but  not  the  smallest  precipitate  could  be  thus 
obtained ;  nor  was  any  alteration  caused  by  the  addition  of 
lixivium  of  potash. 

When  distilled  water  was  boiled  with  the  Gorgonia  Antipatbes 
during  about  six  hours,  it  became  slightly  tinged  with  yellow ; 
and,  some  infusion  of  oak  bark  being  added,  a  small  quantity  of 
gelatin  was  precipitated. 

The  pieces  of  this  substance  which  had  been  thus  treated, 
were  afterwards  boiled  with  lixivium  of  caustic  potash,  by  which 

brown,  when  subsequently  steeped  in  pure  ammoniac ;  and,  in  the  course  of  a  few 
hours,  they  were  completely  dissolved. 
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the  whole  was  dissolved,  and  a  very  dark  coloured  animal  soap 
was  formed. 

When  this  Gorgonia  was  exposed  to  a  red  heat,  it  emitted 
much  smoke,  with  a  smell  of  burned  horn :  it  soon  lost  its 
shape,  puffed  up,  and  formed  a  spongy  coal,  which,  by  a  long 
continued  heat,  left  a  few  particles  of  a  white  substance,  con- 
sisting chiefly  of  muriate  of  soda. 

Another  species  of  Gorgonia  was  next  examined,  the  stem  of 
which  is  from  one  quarter  to  nearly  half  of  an  inch  in  diameter 
in  the  thickest  parts ;  of  a  black  colour,  and  a  high  polish,  like 
black  sealing  wax :  it  has  probably  been  considered  as  a  variety 
of  Gorgonia  Antipatbes. 

This,  by  immersion  during  28  days  in  dilute  nitric  acid, 
gradually  became  semi-transparent,  and  of  a  bright  brownish 
yellow.  In  this  softened  state,  it  was  steeped  two  days  in  water, 
and  was  then  opened  longitudinally.  By  this,  the  whole  struc- 
ture became  apparent,  and  consisted  of  thin  coats  or  tubes  of  a 
beautiful  transparent  membrane,  which,  beginning  from  a  cen- 
tral point,  progressively  became  larger,  according  to  the  order 
by  which  they  receded  from  the  centre. 

These  membranes  were  so  delicate,  that  the  fibrous  texture 
could  scarcely  be  discerned. 

The  acid  in  which  this  species  had  been  steeped,  was  tinged 
with  very  pale  yellow.  Ammoniac  being  added,  changed  it  to  a 
deep  yellow  or  orange  colour;  but  the  transparency  of  the 
liquor  was  not  disturbed  by  this,  or  any  of  the  other  precipi- 
tants  which  had  been  employed  in  the  former  experiments. 

When  this  Gorgonia  was  exposed  to  a  red  heat,  it  crackled, 
and  emitted  a  thick  smoke,  with  the  smell  of  burned  horn.  The 
shape  was  soon  destroyed,  and  a  compact  coal  remained. 
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By  continuing  the  red  heat,  a  very  small  portion  of  white 
matter  was  obtained,  which,  as  far  as  the  quantity  would  allow, 
was  proved  to  be  muriate  of  soda,  with  some  carbonate  of  the 
same. 

The  last  species  of  Gorgonia  which  I  shall  here  mention,  is 
one  which  so  much  resembles  the  Gorgonia  Antipatbes  as  not 
easily  to  be  distinguished  from  it,  and,  like  the  preceding,  has 
probably  been  confounded  with  it ;  but,  upon  closely  comparing 
them,  the  Gorgonia  now  treated  of  is  found  to  be  more  flat  in 
the  stem,  on  the  thin  sides  or  edges  of  which,  a  number  of  short 
spines  or  protuberances  are  placed  very  near  each  other.  That 
it  is  very  different  from  the  Gorgonia  Antipatbes,  will  be  proved 
by  the  subsequent  experiments.  * 

Some  pieces  of  this  Gorgonia  were  exposed  to  the  action  of 
dilute  nitric  acid  for  nearly  four  weeks. 

The  structure  then  became  very  apparent,  and  consisted  of 
strong  fibres,  which  were  placed  nearly  in  a  parallel  direction, 
from  one  extremity  of  the  branch  to  the  other,  and,  being 
closely  arranged  side  by  side,  formed  concentric  coats  of  a  pale 
brown  opaque  substance ;  but  these  coats  were  by  no  means  so 
distinct  as  those  observed  in  the  Gorgonia  formerly  mentioned, 
although,  like  them,  the  fibrous  substance  possessed  the  cha- 
racters of  membrane. 

The  dilute  acid  in  which  these  pieces  had  been  steeped,  was 
become  pale  yellow,  which  changed  to  orange  colour  when 
ammoniac  was  added ;  at  the  same  time,  so  large  a  quantity  of 
phosphate  of  lime  was  precipitated,  that  the  liquor  became  thick 
and  viscid. 

The  phosphate  was  separated  by  a  filter;  and  lixivium  of 
potash  was  added  to  the  clear  liquor,  without  producing  any  effect. 
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This  Qorgonia  was  digested  in  boiling  distilled  water  during 
18  hours,  and  tinged  it  with  pale  yellow. 

Infusion  of  oak  bark  was  then  poured  into  the  liquor,  and 
precipitated  a  small  portion  of  gelatin. 

The  pieces  employed  in  the  above  experiment  were  next 
boiled  with  lixivium  of  caustic  potash,  and  formed  a  dark- 
coloured  animal  soap ;  at  the  same  time,  the  phosphate  of  lime 
was  separated,  and  was  gradually  deposited  at  the  bottom  of  the 
matras  s . 

Part  of  a  large  branch  of  this  Gorgonia  was  exposed  to  a  low 
red  heat 

It  immediately  emitted  a  thick  smoke,  with  the  smell  of 
burned  horn ;  and,  after  a  long  continued  heat,  the  phosphate  of 
lime  was  left,  so  as  to  retain  the  original  figure,  like  bone  which 
has  been  burned ;  but,  in  the  present  instance,  the  particles  of 
the  mass  cohered  but  feebly. 

When  this  residuum  was  dissolved,  and  the  phosphate  sepa- 
rated in  the  usual  manner,  a  slight  cloud  of  carbonate  of  lime5 
was  produced  by  potash. 

Antipatbes  Ulex. 

When  this  had  been  immersed  14  days  in  dilute  nitric  acid, 
it  became  transparent,  and  so  much  softened,  that  from  a  horny 
substance  it  now  nearly  resembled  cartilage.  The  acid  in 
which  it  had  been  steeped,  changed  to  a  very  deep  yellow  or 
orange  colour  when  ammoniac  was  added ;  but  no  precipitate 
could  be  obtained  by  this,  or  by  potash. 

A  portion  of  this  Antipatbes  was  digested  with  boiling  distilled 
water,  from  which  some  gelatin  was  precipitated  afterwards  by 
infusion  of  oak  bark. 
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The  Antipatbes  being  then  boiled  with  lixivium  of  caustic 
potash,  was  completely  dissolved,  and  formed  the  animal  soap 
of  Mr.  Chaptal. 

Antipatbes  myriopbylla. 

This  was  subjected  to  experiments  like  those  above  related, 
and,  as  the  effects  were  the  same,  it  is  not  necessary  that  parti- 
cular mention  should  here  be  made  of  them. 

As  the  specimens  of  these  Antipatbes  were  small,  I  was  not 
able  to  make  any  additional  experiments ;  but  what  has  been 
said  sufficiently  proves  how  much  they  resemble  the  horny 
stems  of  the  Gorgonia. 

a  • 

■  • 

Sponges. 

Many  species  of  Sponge  were  examined,  but,  as  little  or  no 
essential  difference  was  found  in  the  results,  I  shall  include  all 
of  them  in  what  is  now  to  be  related. 

The  following  species,  with  many  others  not  described,  were 
subjected  to  experiment. 

Spongia  cancellata. 
Spongia  oculata. 
Spongia  infundibuliformis. 
Spongia  palmata. 
Spongia  officinalis. 
When  the  Sponges  had  been  immersed  in  nitric  acid  (diluted 
with  three  measures  of  distilled  water)  during  14  or  16  days,  the 
acid  became  pale  yellow,  and  was  changed  to  an  orange  colour 
by  the  addition  of  pure  ammoniac. 

The  Sponges  which  had  been  thus  steeped  in  the  dilute  acid, 
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became  (like  the  Gorgonia)  more  or  less  transparent,  and  were 

considerably  softened.   In  this  state,  if  they  were  touched  with 

ammoniac,  the  part  thus  touched  became  of  a  deep  orange 

colour,  inclining  to  a  brownish  red ;  and,  when  much  softened 

by  the  acid,  (if  afterwards  immersed  in  ammoniac,)  they  were 

completely  dissolved,  and  formed  a  deep  orange-coloured 

solution.* 

When  digested  with  boiling  distilled  water,  the  Sponges 
afforded  a  portion  of  animal  jelly  or  gelatin,  which  was  precipi- 
tated by  infusion  of  oak  bark. 

The  fine  and  more  flexible  Sponges  yielded  gelatin  in  greater 
abundance,  and  more  easily,  than  those  which  were  coarse  and 
rigid.  The  gelatin  was  gradually  and  progressively  imparted 
to  the  water,  and  seems  (even  in  the  same  Sponge)  to  be  a 
constituent  principle,  of  different  degrees  of  solubility ;  and  it 
must  be  noticed,  that  in  proportion  as  the  Sponges  (particularly 
those  which  were  soft  and  flexible)  were  deprived  of  this  sub- 
stance, in  the  like  proportion  they  became  less  flexible  and  more 
rigid,  so  that  the  remaining  part,  when  dry,  crumbled  between 
the  fingers ;  or,  when  moist,  was  torn  easily,  like  wetted  paper. 

As  the  above  properties  prove  that  Sponges  only  differ  from  the 
horny  stems  of  the  Gorgonia,  and  from  the  Antipatbesy  by  being 
of  a  finer  and  more  closely  woven  texture,-}*  so  this  similarity 
will  be  corroborated  by  the  following  remarks. 

When  exposed  to  heat,  they  yielded  the  same  products,  the 

■ 

•  The  same  effects  were  observed  when  the  homy  stems  of  the  Gorgoni*>  Anti- 
p jibes,  Gfc.  (which  had  been  long  steeped  in  dilute  nitric  acid,)  were  immersed  in 
pure  or  caustic  ammoniac. 

f  This  is  particularly  to  be  observed  by  comparing  the  coarse  sponges  (such 
as  Spongia  cMcellata)  with  the  finely  reticulated  parts  of  certain  Gorgonle,  especially 
those  of  Gorgonia  Flabtllum,  when  divested  of  the  external  membrane. 
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same  smell,  and  afforded  a  similar  coal,  which  by  incineration 
left  a  very  small  residuum,  consisting  chiefly  of  muriate  of  soda, 
occasionally  mixed  with  some  carbonate  of  lime,  which  was  also 
often  discovered  when  the  recent  Sponges  were  immersed  in 
acids;  but  this,  as  well  as  the  muriate  of  soda,  is  I  believe 
merely  extranequs,  and  arises  from  small  shells,  parts  of  Ma- 
drepores, and  such  like  bodies,  which  are  often  visibly  lodged  in 
the  interstices  of  the  Sponges. 

Lastly,  the  Sponges,  when  boiled  with  lixivium  of  caustic 
potash,  were  completely  dissolved,  ancj,  like  the  horny  stems  of 
the  Gorgonia,  formed  animal  soap,  more  especially  when  the 
part  which  is  apparently  insoluble  in  water,  and  which  remains 
after  the  gelatin  has  been  separated,  was  thus  treated. 

Alcyonium  asbestinum. 

This,  after  being  immersed  during  several  hours  in  dilute 
nitric  acid,  remained  unchanged  in  figure;  a  feeble  effervescence 
was  at  first  produced,  and  the  reddish  purple  colour  was  de- 
stroyed. 

The  external  part  became  pale  yellow,  and  was  a  soft  opaque 
pulpy  substance,  within  whic^i  was  a  stem,  very  similar  in  tex- 
ture, but  less  soft,  and  which  still  appeared  of  a  pale  red 
colour. 

When  pure  ammoniac  w|$  added  to  the  filtrated  solution,  no 
apparent  effect  was  prod  viced ;  but  carbonate  of  potash  precipi- 
tated a  large  quantity  of  carbonate  of  lime. 

When  a  piece  of  this  Alcyonium  was  exposed  to  a  low  red 
heat,  it  soon  took  fire,  and  emitted  a  smell  like  bumed  horn; 
after  which,  it  retained  its  figure,  and  became  white.  Being  dis- 
solved in  dilute  nitric  acid,  some  animal  coal  was  deposited; 
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and,  upon  the  addition  of  ammoniac,  a  small  portion  of  phosphate 
of  lime  was  obtained,  which  being  separated,  the  carbonate  was 
precipitated  as  before. 

Some  pieces  of  this  Alcyonium  were  digested  with  boiling 
distilled  water  during  six  hours ;  the  liquor  was  then  decanted, 
and  infusion  of  oak  bark  being  added,  a  quantity  of  gelatin  was 
precipitated. 

On  the  pieces  of  the  Alcyonium  from  which  the  water  had 
been  decanted,  some  lixivium  of  caustic  potash  was  poured ;  and, 
being  boiled,  the  whole  of  the  membranaceous  or  pulpy  part 
was  dissolved,  and  a  substance  exactly  similar  to  Chaptal's 
animal  soap  was  formed,  while  the  calcareous  part  subsided  to 
the  bottom  of  the  vessel. 

Alcyonium  Ficus. 

When  the  effervescence  produced  by  pouring  dilute  nitric 
acid  on  this  Alcyonium  had  ceased,  it  was  found  unchanged  in 
shape,  and  like  a  strong  thick  membranaceous  substance  of  a 
fibrous  texture. 

Pure  ammoniac,  added  to  the  acid  liquor,  precipitated  a  small 
quantity  of  phosphate  of  lime;  after  which,  a  copious  precipitate 
of  carbonate  of  lime  was  obtained  by  potash. 

Alcyonium  arboreum. 

This  Alcyonium,  being  steeped  in  the  dilute  nitric  acid,  effer- 
vesced, and  was  acted  upon  like  Alcyonium  asbestinum. 

The  calcareous  part  was  soon  dissolved ;  but  the  form  of  the 
Alcyonium  remained  unchanged,  and  still  appeared  like  a  pale 
yellow  porous  substance,  enveloped  by  a  skin  or  epidermis. 

Ammoniac  did  not  disturb  the  transparency  of  the  solution; 
but  carbonate  of  lime  was  obtained  by  solution  of  potash. 
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When  exposed  to  a  low  red  heat,  it  resembled  Alcyonium 
asbestinum ;  and  a  solution  being  subsequently  made,  afforded 
some  phosphate  of  lime,  with  a  large  portion  of  carbonate. 

As  this  phosphate  had  not  been  discovered  in  the  first  expe- 
riment, and  therefore  appeared  to  have  been  defended  from  the 
action  of  the  acid  by  the  membranaceous  part,  that  experiment 
was  repeated,  with  this  difference,  that  the  acid  was  made  to  boil. 

A  complete  solution  of  the  whole  was  thus  made,  which,  like 
that  of  the  burned  Alcyonium,  yielded  phosphate  of  lime ;  and 
at  the  same  time  the  liquor  became  of  an  orange  colour,  as  soon 
as  the  ammoniac  was  added. 

Some  pieces  of  this  Alcyonium  were  digested  with  boiling 
distilled  water,  and  tinged  it  with  a  pale  yellow  colour.  Infu- 
sion of  oak  bark  being  then  added,  a  large  quantity  of  gelatin 
was  precipitated. 

The  same  pieces  were  boiled  with  lixivium  of  caustic  potash, 
and,  when  dissolved,  formed  animal  soap. 

The  calcareous  part  was  separated  during  the  boiling,  and 
subsided  in  the  form  of  a  fine  powder. 

From  the  examination  of  the  few  species  of  Alcyonium  which 
have  been  mentioned,  it  appears,  that  as  the  Sponges  resemble 
the  horny  stems  of  Gorgonix,  so  these,  in  external  and  chemical 
characters,  resemble  the  fleshy  or  cortical  substance  which 
invests  some  of  those  bodies ;  and  that  they  chiefly  differ  from 
the  Gorgonia,  by  being  destitute  of  the  horny  stem,  which  in 
the  latter  seems  to  supply  the  place  of  bone. 

§  II.    OBSERVATIONS  ON  THE  FOREGOING 

EXPERIMENTS. 

The  simplicity  and  uniformity  of  the  experiments  here  de- 
scribed, will  not,  I  flatter  myself,  render  the  facts  less  worthy  of 
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attention;  and  I  must  again  repeat,  that  the  minutiae  of  analysis 
did  not  form  part  of  my  present  plan,  which  was  only  to  sketch 
an  outline,  comprehending  the  most  prominent  chemical  cha- 
racteristics of  certain  bodies  appertaining  to  the  animal  king- 
dom, which  hitherto  had  been  but  little  or  not  at  all  examined ; 
so  that  this  outline  (although  defective)  might  serve  as  a  chain 
of  connection,  and  as  a  basis,  upon  which  a  more  perfect  super- 
structure may  in  future  be  gradually  raised ;  and  it  appeared 
evident,  that  this  would  be  most  easily  and  speedily  executed, 
by  following  a  systematical  and  comparative  plan.  For  this 
reason,  a  great  part  of  my  attention  was  directed  towards  ascer- 
taining, in  these  animal  substances,  the  presence  and  general 
proportions  of  carbonate  and  phosphate  of  lime ;  these  being 
the  materials  essentially  employed  by  nature  to  communicate 
rigidity  and  hardness  to  certain  parts  of  animals,  such  as  shell 
and  bone ;  and,  although  some  other  substances,  as  magnesia, 
silex,  iron,  with  some  alkaline  and  neutral  salts,  might  be  occa- 
sionally present  in  small  proportions,  (and  indeed  were  at  times 
detected,)  yet,  as  these  appear  to  have  but  little  influence  on  the 
general  characters  of  the  bodies  which  were  examined,  I  did  not, 
for  the  present,  think  proper  to  take  particular  notice  of  them. 

The  next  object  was,  to  examine  the  nature  of  the  substance 
in  and  upon  which  the  hardening  or  ossifying  principles  were 
secreted  and  deposited ;  and  it  seemed  to  me  that  the  best  mode 
to  do  this,  was  to  compare  and  examine  this  substance  in  the 
various  states  in  which  it  appeared,  when  deprived  of  the  harden- 
ing or  ossifying  matter. 

From  what  was  said  in  the  paper  on  shell  and  bone,  con- 
cerning the  substance  which  remained  after  the  carbonate  of 
lime  in  shells,  and  after  the  phosphate  of  lime  in  bones,  had  been 
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dissolved  and  separated  by  weak  acids,  it  is  evident  that  the  sub- 
stance which  thus  remains,  is  as  various  in  relative  quantity,  as 
it  is  in  those  qualities  which  apparently  are  produced  by  the 
degrees  of  natural  inspissation,  and  by  the  progressive  effects  of 
organization. 

In  the  porcellaneous  shells,  such  as  Cyprea,  &c  this  substance 
was  proved  to  be  much  less  in  quantity  than  in  those  which 
were  afterwards  mentioned ;  and,  although  of  a  quality  which 
(like  a  cement  or  gluten )  served  to  bind  and  connect  the  particles 
of  carbonate  of  lime  firmly  together,  so  small  was  the  degree  of 
natural  inspissation,  and  so  little  advanced  was  the  degree  of 
organization,  that  when  the  carbonate  of  lime  was  dissolved, 
even  by  very  feeble  acids,  little  or  no  vestige  of  jelly,  mem- 
brane, or  cartilage,  could  be  perceived ;  nor  indeed  could  any 
be  detected,  but  by  the  small  portion  of  animal  coal  which  was 
formed,  when  these  shells  had  been  exposed  for  a  short  time  to 
a  low  red  heat. 

But,  proceeding  from  shells  of  this  description  to  others  tend- 
ing to  the  nature  of  nacre  or  mother  of  pearl,  (such  as  some  of 
the  Patella,)  a  substance  was  left  untouched  by  the  acids,  which 
had  the  appearance  of  a  yellowish  transparent  jelly  *  So  that 
the  substance  which  served  merely  as  a  gluten  in  the  porcel- 
laneous shells,  was  not  only  more  abundant  in  these  P^atella, 
but,  being  more  inspissated,  was  become  immediately  visible 
and  palpable. 

In  the  common  oyster,  these  qualities  were  more  strongly 
marked ;  and,  in  the  river  muscle,  and  in  the  shells  composed 

•  The  term  jelly  is  here  employed  only  to  denote  the  degree  of  consistency  of  this 
substance,  which  in  it*  nature  is  very  different  from  the  varieties  of  animal  jelly  called 
gelatin. 
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of  the  true  nacre  or  mother  of  pearl,  this  substance  was  found 
not  only  to  constitute  a  large  part  of  the  shell,  but  even  to  be 
more  dense,  so  as  no  longer  to  appear  gelatinous ;  and,  in  addition 
to  these,  strong  and  visible  marks  of  organization  were  stamped 
on  every  part,  and  a  perfect  membranaceous  body  remained, 
composed  of  fibres  arranged  parallel  to  each  other,  according  to 
the  configuration  of  the  shells. 

From  these  facts,  proved  by  the  examination  of  only  a  very 
few  (comparatively  speaking)  of  the  known  shells,  it  appears 
that  the  hardening  principle,  or  carbonate  of  lime,  together 
with  a  substance  varying  from  a  very  attenuated  gluten  to  a 
tough  jelly,  and  from  this  to  a  perfectly  organized  membrane, 
concur  to  form  the  matter  of  shell ;  and,  from  the  result  of  the 
experiments,  and  from  all  circumstances,  there  is  every  reason 
to  believe,  that  the  substance  with  which,  or  upon  which,  the 
carbonate  of  lime  is  mixed  or  deposited,  is  of  a  similar  nature, 
and  differs  only  in  relative  quantity  and  density,  arising  from 
progressive  changes  (peculiar  to  the  various  species  of  shells) 
produced  by  certain  degrees  of  natural  inspissation,  and  by  an 
organization  more  or  less  perfect. 

The  experiments  made  on  teeth,  and  on  the  bones  of  various 
animals,  elucidated  and  confirmed  the  observations  made  on  the 
nature  of  shell ;  for, 

1st.  The  enamel  of  teeth  (in  relation  to  the  other  bony  sub- 
stances) was  proved  to  be  as  the  porcellaneous  shells  are  to 
those  formed  of  mother  of  pearl ;  the  cementing  substance  of 
the  enamel  being  a  gluten,  in  the  same  state,  and  apparently  of 
a  similar  nature,  with  that  of  the  porcellaneous  shells.  And, 

sdly.  In  certain  bones,  particularly  those  of  fish,  (such  as 
some  of  the  bones  of  the  skate,)  the  substance  which  remained 
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after  the  solution  of  the  phosphate  of  lime,  was  of  a  gelatinous 
consistency,  and  exhibited  but  very  imperfect  traces  of  organi- 
zation ;  by  the  others,  however,  a  completely  formed  membrane 
or  cartilage  was  left,  retaining  the  figure  of  the  original  bone. 

When  therefore  the  component  parts  of  shell  and  bone  are 
considered,  it  appears  that  the  essential  characteristics  are,  car- 
bonate of  lime  for  the  one,  and  phosphate  of  lime  for  the  other; 
and  that  their  bases  consist  of  the  modifications  of  a  glutinous, 
gelatinous,  or  membranaceous  substance. 

I  experienced  much  gratification  in  tracing  the  progressive 
and  connected  changes  in  the  composition  of  the  various  shells 
and  bones ;  and  a  considerable  increase  of  pleasure  arose,  in  pro- 
portion as  the  observations  made  on  those  bodies  were  corrobo- 
rated, and  the  chain  of  connection  extended,  by  the  develope- 
ment  of  the  facts  resulting  from  the  experiments  on  Zoophytes, 
which  form  the  principal  subject  of  this  paper. 

It  will  now  be  proper  to  review  these  experiments,  and  to 
examine  how  far  they  agree  with  those  made  on  shell  and  bone, 
and  how  far  they  tend  to  prove,  that  these  substances  are  all  of 
a  nature  closely  connected. 

The  experiments  on  the  Madrepores  afforded  the  following 
results. 

Madrepora  virginea,  when  examined  by  acids,  left  but  very 
little  of  any  gelatinous  substance  or  membrane. 

Madrepora  muricata,  and  Madrepora  labyrintbica,  afforded 
loose  portions  of  a  transparent  gelatinous  substance. 

Madrepora  ramea,  and  Madrepora  fascicularis,  when  deprived 
of  the  carbonate  of  lime  by  acids,  remained  in  the  state  of  com- 
pletely organized  membranaceous  bodies,  which  exhibited  the 
original  figure  of  the  respective  Madrepores  ;  and  the  proportion 
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of  coal  afforded  by  these  last,  was  more  abundant  than  what 
was  obtained  from  those  which  were  first  mentioned. 

To  these  succeeded  the  experiments  on  the  Millepores ;  from 
which  it  appeared,  that 

Millepora  carulea  afforded  loose  detached  portions  of  a  gela- 
tinous substance. 

Millepora  alcicornis  yielded  the  same,  but  in  a  more  coherent 
state. 

Millepora  polymorpba  remained  unchanged  in  shape,  and  con- 
sisted of  a  strong,  white,  opaque  membrane,  filled  with  a  trans- 
parent jelly. 

Lastly,  Millepora  cellulosa,  Millepora  jascialis,  and  Millepora 
truncata,  afforded  membranaceous  bodies,  in  a  complete  state  of 
organization ;  and  all  these  Millepores,  when  exposed  to  a  low 
red  heat,  yielded  various  quantities  of  coal,  according  to  the 
greater  or  less  abundance  of  the  gelatinous  or  membranaceous 
substance. 

The  universal  and  only  hardening  principle  of  these  Madre- 
pores and  Millepores,  was  proved  to  be  carbonate  of  lime,  with 
the  single  exception  of  Millepora  polymorpba,  which  also  appears 
to  be  differently  constructed  from  the  other  Millepora.  With  this 
single  exception,  carbonate  of  lime  seems  to  be  the  only  harden- 
ing substance  in  these  bodies ;  and,  when  every  circumstance 
is  considered,  an  exact  similarity  is  to  be  found  between  the 
substance  forming  the  various  shells,  and  that  which  forms  the 
Madreporcc  and  Millepora ;  and  the  nature  of  these  bodies  is 
so  completely  the  same,  that  the  changes  or  gradations  of  the 
one  are  to  be  found  in  the  other.  For  the  chemical  characters 
which  distinguish  the  porcellaneous  shells,  are  in  a  great  mea- 
sure approached  by  those  of  Madrepora  virginea ;  and  those 
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which  were  noticed  in  the  Patella,  correspond  precisely  with 
the  Madrepores  and  Millepores  which  afford  a  gelatinous  sub- 
stance ;  and  lastly,  the  characters  of  the  membranaceous  part, 
exhibited  by  the  shells  formed  of  nacre  or  mother  of  pearl,  are 
in  like  manner  to  be  found  among  some  of  the  Madrepores 
and  Millepores,  such  as  Madrepora  ramea,  Millepora  fascialis, 
Millepora  truncata ;  for  these,  like  the  Turbo  olearius  and  Ha- 
liotis  Iris,  are  composed  of  a  fibrous  membrane,  hardened  by 
carbonate  of  lime. 

It  appears  therefore,  that  the  Madrepores  and  Millepores,  like 
the  various  shells,  are  formed  of  a  gelatinous  or  membrana- 
ceous substance,  hardened  by  carbonate  of  lime ;  and  the  only 
difference  is  in  the  mode  according  to  which  these  materials 
have  been  employed. 

The  experiments  on  Tubipora  musica  proved,  that  in  compo- 
sition it  resembled  the  foregoing  substances.  But  a  slight  diffe- 
rence was  observed,  in  respect  to  the  hardening  substance  of 
Flustra  foliacea  and  Corallina  Opuntia;  for  a  small  portion  of 
phosphate  was  found  mixed  with  the  carbonate  of  lime;  but  the 
membranaceous  part  of  these  bodies  resembled  that  of  certain 
Madrepores  and  Millepores,  particularly  Millepora  fascialis. 

Two  species  of  Isis  were  next  examined,  namely,  Isis  ocbracea 
and  Isis  Hippuris :  both  of  these  were  proved  to  be  formed  of 
regularly  organised  membranaceous,  cartilaginous,  and  horny 
substances,  hardened,  in  the  last  mentioned  species,  merely  by 
carbonate  of  lime;  but,  in  the  Isis  ocbracea,  with  the  addition  of  a 
very  small  portion  of  phosphate  of  lime. 

The  subsequent  experiments  were  made  on  various  species  of 
Gorgonia,  and  first  on  Gorgonia  nobilis^  which  was  formerly 
regarded  as  an  Isis. 
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The  hardening  substance  of  this  was  found  to  be  carbonate  of 
lime,  with  a  small  portion  of  phosphate ;  but  the  matter  form- 
ing the  membranaceous  part  was  (like  that  of  Millepora  poly- 
morpba)  in  two  states ;  that  of  the  interior  being  gelatinous ;  and 
that  of  the  external  part  being  a  membrane  completely  formed, 
so  as  to  cover  the  stem,  in  the  manner  of  a  tube. 

The  results  of  the  experiments  on  certain  Gorgonia,  such  as 
ceratopbyta,  Fiabellum,  suberosa,  pectinate,  and  sttosa,  were  not  a 
little  remarkable ;  for,  when  the  two  parts  which  compose  these 
Gorgonia  (namely,  the  horny  stem,  and  the  cortical  substance  by 
which  it  is  coated,)  were  separately  examined,  it  was  proved, 

1st.  That  the  stems  of  these  Gorgonia  consist  of  a  substance 
analogous  to  horn ;  and  that,  by  long  maceration  in  diluted  nitric 
acid,  this  horny  substance  becomes  soft  and  transparent,  so  as 
to  resemble  a  cartilaginous  or  tendinous  body ;  moreover,  the 
stems  of  these  Gorgonia  afford  a  quantity  of  phosphate  of  lime, 
but  scarcely  any  trace  of  carbonate. 

adly.  That  the  cortical  part,  on  the  contrary,  consists  princi- 
pally of  carbonate  of  lime,  with  very  little  or  none  of  the  phos- 
phate j  and  the  carbonate  of  lime  is  deposited  in  and  upon  a  soft, 
flexible,  membranaceous  substance,  which  seems  much  to  ap- 
proach the  nature  of  cuticle. 

Some  other  Gorgonia,  which  were  subsequently  examined, 
and  which  much  resembled  the  former  in  construction,  did  not 
yield  any  phosphate  of  lime ;  but  in  every  other  particular  they 
proved  to  be  similar. 

The  Gorgonia  Antipatbes  was  found  to  be  entirely  formed  of 
a  fibrous  membrane;  and  the  black  shining  polished  Gorgonia 
afforded,  by  maceration,  a  most  beautiful  specimen  of  mem- 
branes  concentrically  arranged. 
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Lastly,  the  Gorgonia  which  I  have  described  as  very  much 
resembling  the  Gorgonia  Antipatbes,  proved  to  be  similar  to  that 
species,  as  to  the  membranaceous  part ;  but  so  large  a  portion  of 
phosphate  of  lime  was  mixed  with  it,  as  almost  to  approach  it 
to  the  nature  of  stag's  or  buck's  horn ;  tfcere  is,  therefore,  great 
reason  to  consider  it  as  a  different  species. 

The  Antipatbes,  which  were  next  examined,  were  found  to 
be  little  if  at  all  different  from  the  horny  stems  of  the  Gorgonia. 
And  the  various  Sponges,  which  were  afterwards  subjected  to 
experiment,  were  proved  to  be  completely  formed  by  the  same 
membranaceous  or  horny  substance,  which  became. varied  by 
the  modifications  of  a  more  delicate  construction,  rather  than  by 
any  essential  difference  in  composition. 

This  series  of  experiments  terminated  with  an  examination 
of  a  few  species  of  Alcyonium,  namely,  asbestinumi  Fiats,  and 
arboreum  ;  all  of  which  were  found  to  be  composed  of  a  soft, 
flexible,  membranaceous  substance,  very  .similar  to  the  cortical 
part  of  some  of  the  Gorgonia,  (such  as  Gorgonia  suberosa,)  and 
in  like  manner  slightly  hardened  by  carbonate,  mixed  with  a 
small  portion  of  phosphate  of  lime. 

From  what  has  been  said,  there  is  reason  to  conclude,  that 
the  varieties  of  bone,  shell,  coral,  and  the  numerous  tribe  of 
Zoophytes  with  which  the  last  are  connected,  only  differ  in 
composition  by  the  nature  and  quantity  of  the  hardening  or 
ossifying  principle,  and  by  the  state  of  the  substance  with 
which  it  is  mixed,  or  connected.  For  the  gluten  or  jelly  which 
cements  the  particles  of  carbonate  or  phosphate  of  lime,  and 
the  membrane,  cartilage,  or  horny  substance,  which  serves  as  a 
basis,  in  and  upon  which  the  ossifying  matter  is  secreted  and 
deposited,  seem  to  be  only  modifications  of  the  same  substance, 
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which  progressively  graduates,  from  a  viscid  liquid  or  gluten, 
into  that  gelatinous  substance  which  has  so  often  been  noticed, 
and  which  again,  by  increased  inspissation,  and  by  the  various 
and  more  or  less  perfect  degrees  of  organic  arrangement,  forms 
the  varieties  of  membrane,  cartilage,  and  horn. 

I  shall  now  attempt  to  prove  what  I  have  here  asserted,  or 
at  least  assign  the  reasons  which  induce  me  to  adopt  this  opi- 
nion ;  but,  in  so  doing,  I  am  compelled,  from  the  close  connec- 
tion of  the  subject,  to  anticipate  the  general  result  of  part  of  a 
series  of  experiments,  made  with  a  view  to  investigate  the  nature 
and  composition  of  membrane.  «  • 

To  enter  into  a  minute  detail  of  these  experiments,  would  far 
exceed  the  limits  of  a  paper  like  the  present ;  I  shall  therefore 
only  mention,  in  a  concise  manner,  the  results  of  those  which 
the  subject  immediately  requires  to  be  brought  forward  * 

The  method  which  first  presents  itself  in  such  an  investiga- 
tion, is,  the  comparative  analysis  of  the  different  substances, 
so  that  their  relative  proportions  of  carbon,  hydrogen,  and 
azote,  should  be  precisely  determined ;  but,  when  it  is  recol- 
lected, how  long  a  time  would  be  requisite  for  making  such 
an  immense  series  of  analyses,  and  how  much  animal  sub- 
stances are  subject  to  be  modified  by  situation  in  the  body,  by 
age,  and  by  the  degree  of  health  of  anjmals,  and  also  that  the 
nature  of  these,  and  even  that  of  the  unorganised  bodies,  does  not 
always  merely  depend  on  the  proportion  of  the  constituent  prin- 
ciples, but  likewise  on  the  degree  and  mode  of  combination  to 
which  these  principles  are  subjected ;  I  say  that  when  all  this, 

*  These  are  the  experiments  to  which  I  alluded  in  my  former  paper,  and  which  I 
began  at  the  request  of  my  friend  Mr.  Home,  soon  after  the  experiments  on  the  enamel 
of  teeth,  tec. 
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and  the  plan  of  the  present  paper,  is  considered,  I  flatter  myself 
that  I  shall  not  be  censured  as  hasty  or  negligent,  if  at  this 
time  I  prefer  a  comparison  of  the  chemical  properties  of  the 
bodies  in  question,  with  those  of  other  substances,  which  (al- 
though not  elementary)  may  be  regarded  as  primary  animal 
compounds ;  and,  when  the  subject  is  viewed  in  its  full  extent, 
the  mode  which  I  have  adopted  will,  perhaps,  be  deemed  that 
which  is  the  most  satisfactory. 

■  ■ 

J.  III.    OBSERVATIONS  ON  THE  COMPONENT 
PARTS  OF  MEMBRANE. 

In  relating  the  preceding  experiments,  I  have  had  frequent 
occasion  to  remark,  that  a  quantity  of  that  animal  jelly  which  is 
more  or  less  soluble  in  water,  and  which  is  distinguished  by 
the  name  of  gelatin,  was  obtained  from  many  of  the  marine 
bodies,  such  as  the  Sponges,  the  Gorgonia,  and  others ;  but,  in 
the  experiments  made  expressly  to  investigate  the  composition 
of  membrane,  it  still  more  frequently  occurred;  and  although 
in  many  cases,  either  from  the  small  quantity  of  the  body 
under  examination,  or  from  the  very  small  portion  of  gelatin 
thus  obtained,  I  was  obliged  to  content  myself  with  ascertain- 
ing the  presence  of  it,  by  the  test  of  the  tanning  principle,  and 
by  nitro-muriate  of  tin ;  *  yet,  in  other  experiments,  when  the 
solutions  of  gelatin  were  gradually  reduced  by  evaporation,  I 

•  Nitro-muriate  of  tin  has  been  proposed  as  a  test  for  the  tanning  principle ;  and 
the  experiments  contained  in  this  paper  prove,  that  it  may  also  be  employed  with 
much  utility,  to  ascertain  the  presence  of  gelatin,  and  of  certain  modifications  of 
albumen. 
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had  opportunities  of  frequently  observing  the  various  degrees 
of  viscidity  and  tenacity  which  characterize  mucilage,  size,* 
and  glue. 

The  difference  in  the  viscidity  and  tenacity  of  the  varieties 
of  these  substances,  is  evidently  an  inherent  quality,  and  not 
caused  by  the  degree  of  mere  inspissation :  if  this  was  the  case, 
mucilage,  size,  and  giue,  when  dry,  would  be  of  an  equal  quality, 
which  is,  however,  contrary  to  daily  experience ;  for  the  varieties 
of  glue  are  not  of  equal  tenacity.  And  it  is  well  known,  that 
glue  made  from  certain  parts  of  animals,  such  as  the  skin,  is 
more  tenacious,  and  of  a  better  quality,  than  that  which  is 
made  in  some  places  from  feet  and  sinews. 

Moreover,  when  even  the  same  part  is  employed,  which  has 
been  taken  from  two  animals  of  the  same  species,  an  evident 
difference  is  found,  according  to  the  comparative  age  of  the 
animals;  for  the  best  and  strongest  glue  is  always  obtained 
from  the  more  aged  animals,  in  whom  the  fibre  is  found  to  be 
the  most  coarse  and  strong.  But  a  longer  continued  boiling 
appears  requisite  in  order  to  extract  it ;  and  the  more  viscid  ghies 
are  obtained,  from  the  substances  which  afford  them,  with  greater 
difficulty  than  those  of  a  less  viscid  quality,  which  may  more 
properly  be  called  size :  this  difference  is  to  be  observed,  when 
muscle  is  boiled  with  repeated  and  frequent  changes  of  water. 

Gelatin  thus  obtained,  whether  in  the  state  of  mucilage,  size, 
or  glue,  when  completely  dried,  is  affected  by  water  accord- 
ing to  its  degree  of  viscidity :  for,  when  cold  water  is  poured 

•  The  term  size  is  employed,  throughout  this  paper,  to  denote  that  modification  of 
gelatin  which  appears  to  be  intermediate,  between  mucilage  and  the  most  viscid  and 
tenacious  gelatinous  substances  or  glues.  The  weaker  kinds  of  glue  may  therefore 
come  under  this  denomination. 
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on  dry  mucilage,  it  dissolves  it  in  a  short  time ;  but,  if  cold  water 
is  poured  on  those  varieties  of  gelatin  which,  when  dissolved  in 
a  proper  quantity  of  boiling  water,  would,  by  cooling,  form  jellies 
more  or  less  stiff]  it  acts  on  them  in  different  degrees,  not  so 
much  by  forming  a  complete  solution,  as  by  causing  them  to 
swell  and  become  soft ;  so  that,  when  a  cake  of  glue  has  been 
steeped  three  or  four  days  in  cold  water,  if  it  swells  much 
without  being  dissolved,  and,  when  taken  out,  recovers  its 
original  figure  and  hardness  by  drying,  such  glue  is  considered 
to  be  of  the  best  quality. 

I  shall  soon  have  occasion  to  notice,  in  another  place,  the 
effects  of  acids  and  of  alkalies  on  gelatin ;  it  will  therefore  here 
be  sufficient  to  observe,  that  as  it  is  soluble  in  acids,  so,  if  dry 
mucilage,  dry  size,  *  and  dry  glue,  are  steeped  in  nitric  acid 
diluted  with  three  or  four  parts  of  water,  they  will  be  progres- 
sively dissolved,  according  to  the  degree  of  viscidity  by  which 
they  are  separately  distinguished. 

"When  the  solutions  of  these  substances  in  water  were  ex- 
amined by  the  tanning  principle,  and  by  nitro- muriate  of  tin, 
I  have  found  that  animal  mucilage  is  more  immediately  affected 
by  the  latter  than  by  the  former  ;  while  the  solutions  of  size  and 
of  glue  are  equally  acted  upon  by  both.  And,  when  gold  dis- 
solved in  nitro-muriatic  acid  was  added  to  the  solutions  of 
mucilage,  size,  and  glue,  the  gold  was  reduced  to  the  metallic 
state  in  a  few  hours,  not  only  on  the  surface,  where  it  formed 
a  shining  metallic  pellicle,  but  also  on  the  sides  of  the  glass, 
which  were  thinly  coated  with  a  deep  yellow  sediment,  which, 
like  leaf  gold,  appeared  of  a  fine  pale  green,  when  held  between 
the  eye  and  the  light. 

•  Gelatin  obtained  from  eel-skin,  evaporated  to  dryness. 
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The  animal  mucilage  which  I  chiefly  employed  in  these 
experiments,  was  obtained  from  the  Corallina  officinalis,  us  I  found 
it  to  be  pure,  and  not  partly  modified  into  gelatin  or  animal 
jelly.*  But  Mr.  Bouvier  asserts,  that  he  obtained  the  latter 
substance ;  -f-  and  this  appears  to  me  very  probable ;  for  mucilage 
may  predominate  in  this  coralline  at  one  period,  and  gelatin 
or  jelly  at  another,  just  as  is  found  to  be  the  case  with  other 
animal  substances;  for  it  is  known,  that  in  young  animals 
mucilage  is  abundant,  and  becomes  diminished  as  these  increase 
in  growth  and  age.  Hence  there  is  every  reason  to  conclude, 
that  the  substance  which  in  the  very  young  animals  was  at  first 
mucilaginous,  becomes  progressively  more  viscid,  and  assumes 
the  characters  of  gelatin ;  which,  as  animals  increase  in  age,  is 
known  to  become  more  and  more  viscid,  as  has  been  already 
mentioned  in  the  foregoing  pages.  I  am  inclined,  therefore,  to 
consider  mucilage  as  the  most  attenuated,  and  as  the  lowest  in 
order,  among  the  modifications  of  gelatin. 

As  the  qualities  of  gelatin  are  so  various,  so  the  properties  of 
the  substances  in  which  it  is  present  as  a  component  part,  are 
much  influenced  by  it;  and  when,  for  example,  the  skins  of 
different  animals  were  compared,  I  have  always  found  that  the 
most  flexible  skins  afforded  gelatin  more  easily,  and  of  a  less 
viscid  quality,  than  those  which  were  less  flexible,  and  of  a 
more  horny  consistency. 

•  By  this  I  mean ,  that  the  mucilage  had  not  acquired  the  degree  of  viscidity 
requisite  to  form  a  gelatinous  substance.  The  expression  which  I  have  employed,  is 
not  therefore  to  be  understood  as  alluding  to  any  essential  difference  in  composition, 
but  only  to  denote  some  variation  in  the  degree  of  consistency ;  for  the  whole  may  be 
comprehended  under  the  term  gelatin,  of  which,  mucilage  may  be  regarded  as  one 
extreme,  and  the  strongest  and  most  viscid  glue  as  the  other. 

f  Annates  de  Cbimie.  Tom.  VIII.  p.  311. 
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The  skin  of  the  eel  possesses  great  flexibility ;  and  it  affords 
gelatin  very  readily,  and  in  a  large  proportion.  The  skin  of 
the  shark  also,  which  is  commonly  used  by  cabinet  makers 
to  polish  their  work,  was  in  like  manner,  for  the  greater  part, 
soon  dissolved,  and  formed  a  jelly,  like  the  former.  The 
epidermis  or  cuticle  of  these  skins,  (which  is  very  thin  and 
tender, )  although  not  soluble,  was  reduced  into  small  particles 
by  violent  ebullition ;  and  the  spiculae  on  the  shark's  skin  were 
also  separated. 

The  skins  of  the  hare,  rabbit,  calf,  ox,  and  rhinoceros,  were 
examined  in  a  similar  manner,  and  with  the  like  results;  but 
the  gelatin  obtained  from  the  hide  of  the  rhinoceros,  (as  far  as 
the  smallness  of  the  piece  of  skin  would  allow  me  to  determine,) 
appeared  to  be  the  strongest  and  most  viscid.  In  every  one  of 
these  experiments,  the  true  skin  or  cutis  was  principally 
affected,  it  being  completely  soluble  (as  Messrs.  Chaptal  and 
Seguin  have  well  observed)  by  long  boiling;  but  that  of  the 
rhinoceros  far  exceeded  the  others  in  difficult  solubility.  The 
cutis  of  these  skins,  when  first  boiled,  swelled  and  appeared 
horny;  it  was  then  gradually  dissolved ;  but  in  the  cutis  of  the 
rhinoceros  a  few  small  filaments  remained,  which  at  length 
contracted  and  adhered  to  the  cuticle. 

The  cuticle  of  the  different  skins  was  softened,  but  not  dis- 
solved; and,  as  the  cutis  seems  to  be  essentially  formed  of 
gelatin,*  so  the  cuticle  appears  to  contain  it,  although  but  in  a 
small  proportion :  it  is,  however,  necessary  to  its  flexibility ;  for 
when,  after  long  boiling,  the  cuticle  of  these  skins  was  dried, 

The  cartilages  of  the  articulations  are  also  completely  soluble  when  long  boiled 
with  water ;  but  this  by  no  means  happens  when  other  cartilages  are  thus  treated. 
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it  became  a  brittle  substance,  which  was  easily  reduced  to  a 
powder. 

Hair  was  much  less  affected  than  either  of  the  abovementioned 
substances ;  and  this,  with  others  in  some  measure  similar,  I 
shall  now  more  particularly  notice. 

The  substances  to  which  I  allude,  are  hair,  feather,  horn, 
horny  scale,  hoof,  nail,  and  the  horn-like  crust  which  covers 
some  insects  and  other  animals,  such  as  the  scorpion  and  the 
tortoise.  These  I  shall  now  mention,  in  as  concise  a  manner  as 
the  subject  will  allow. 

When  hair  of  various  qualities,  and  taken  from  different 
animals,  was  long  digested  or  boiled  with  distilled  water,  it 
imparted  to  the  water  a  small  portion  of  gelatin,  which  was 
precipitated  by  the  tanning  principle,  and  by  nitro-muriate  of 
tin ;  and,  when  the  hair  had  been  thus  deprived  of  gelatin,  and 
was  subsequently  dried  in  the  air,  the  original  flexibility  and 
elasticity  of  it  was  found  to  be  much  diminished,  so  that  it 
easily  gave  way,  and  was  broken. 

This  effect,  Mr.  Achard  has  also  noticed ;  *  and  I  am  in- 
duced to  believe  (from  various  experiments  which  I  have  made 
on  these  substances)  that  the  hair  which  loses  its  curl  in  moist 
weather,  and  which  is  the  softest  and  most  flexible,  is  that 
which  most  readily  yields  gelatin ;  and,  on  the  contrary,  the 
hair  which  is  very  strong  and  elastic,  is  that  which  affords  it 
with  the  greatest  difficulty,  and  in  the  smallest  proportion. 

These  remarks  have  moreover  been  corroborated,  by  the 

•  "  La  perte  de  la  partie  gelatincusc  dtant  aux  cheveux  leur  souplcsse,  il  s'ensuit 
"  que  c'est  aux  partie;  gelatineuses  qui  entrent  dans  la  composition  des  cheveux  qu'ils 
'*  doivent  leur  pliant  et  leur  elasticite." — Examen  cbimique  dee  Cbevex.  &c. 
Memoiret  de  VAcad.  de  Berlin.  Tom.  XXXVlil.  p.  la. 
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assertion  of  a  considerable  hair  merchant  in  this  metropolis,* 
who,  during  a  long  experience  of  upwards  of  forty  years,  has 
always  found,  that  hair  of  the  first  named  quality  cannot  be 
boiled  an  equal  time  with  those  last  mentioned,  without  suffer- 
ing material  injury  in  strength  and  flexibility. 

Feather,  digested  in  boiling  distilled  water,  during  ten  or 
twelve  days,  did  not  afford  any  trace  of  gelatin  by  the  test  of 
the  tanning  principle ;  but  nitro-muriate  of  tin  produced  a  faint 
white  cloud. 

The  same  was  observed  when  quill  was  thus  examined. 

Shavings  and  pieces  of  the  horns  of  different  animals  were 
next  subjected  to  experiment,  and  all  afforded  small  quantities 
of  gelatin,  which  was  precipitated  by  the  tanning  principle,  and 
by  nitro-muriate  of  tin  ;  and  it  was  generally  observed,  that  the 
more  flexible  horns  yielded  the  largest  quantity  of  gelatin,  with 
the  greatest  ease ;  and,  (like  the  substances  already  mentioned,) 
when  deprived  of  it,  and  suffered  to  dry  spontaneously  in  the 
air,  they  became  more  rigid,  and  were  easily  broken. 

The  horns  which  I  mean,  are  those  of  the  ox,  ram,  goat,  and 
chamois,  which,  in  my  former  paper  I  considered,  as  I  do  now, 
to  be  perfectly  distinct  from  the  nature  of  stag's  or  buck's  horn ; 
for  this  last  is  as  different  from  the  former  in  chemical  compo- 
sition, as  it  is  in  construction :  like  bone,  it  affords  much  phos- 
phate of  lime,  and,  like  bone,  it  affords  a  large  quantity  of  gela- 
tin ;  and  it  is  not  a  little  remarkable,  that  phosphate  of  lime  is 
generally  accompanied  by  gelatin,  as  in  stag's  horn,  bone, 
ivory,  &c.  on  the  contrary,  when  carbonate  of  lime  is  the  hard- 
ening substance,  as  in  shells,  madrepores  and  millepores,  no 
gelatin  can  be  discovered ;  for  I  have  frequently  digested  these 

•  John  Collick,  Esq.  of  St.  Martin's  Lane. 
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substances  many  days  in  boiling  distilled  water,  (after  having 
reduced  them  to  a  coarse  powder,  that  they  might  present  a 
larger  surface,)  but  I  never  could,  by  any  test,  discover  the 
slightest  vestige  of  gelatin.  The  horns  therefore  which  were 
first  mentioned,  are  very  different  from  the  composition  of  stag's 
horn,  and  yield  gradually,  and  with  great  difficulty,  only  a 
small  quantity  of  gelatin. 

Horny  scale  was  next  examined ;  but  I  shall  first  here  request 
permission  to  make  a  digression  in  respect  to  the  scales  of  fish, 
which  I  had  not  examined  when  my  paper  on  shell  and  bone 
was  read. 

As  the  scales  of  fish,  when  viewed  by  a  microscope,  and 
according  to  the  observations  of  Mr.  Leeuwenhoek,  appear 
to  be  formed  of  different  membranaceous  laminae,  and  as  they 
exhibit  the  colour  and  lustre  of  mother  of  pearl,  it  might  be 
expected,  that  they  should  prove  to  be  of  a  similar  nature  with 
the  substance  of  stratified  shells,  or,  in  other  terms,  that  they 
should  consist  of  membrane  and  carbonate  of  lime. 

But,  when  scales  perfectly  clean,  and  separated  from  the 
skin  of  different  fish,  (such  as  the  salmon  and  carp,)  had  been 
immersed  during  four  or  five  hours  in  diluted  nitric  acid,  till 
they  became  transparent,  and  perfectly  membranaceous;  the 
acid  liquor,  being  then  saturated  with  pure  ammoniac,  afforded 
a  copious  precipitate,  which  was  proved  to  be  phosphate  of 
lime. 

The  spiculae  of  the  shark's  skin,  formerly  mentioned,  were 
found  to  be  of  a  similar  composition;  and  we  may  therefore  re- 
gard the  spiculae  and  scales  of  fish  as  true  bony  substances,  in 
which  the  membranaceous  part  is  more  predominant  than  in 
common  bone. 
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I  fully  ascertained,  that  the  phosphate  of  lime  was  afforded 
by  these  substances  only ;  for,  when  the  different  skins  from 
which  these  scales  and  spiculae  had  been  taken,  were  separately 
'examined  in  the  like  manner,  no  phosphate  of  lime  was  obtained. 

In  addition  to  this  I  must  observe,  that  the  silver  or  pearly 
hue  of  pearl,  mother  of  pearl,  and  of  fish-scales,  is  only  assisted 
and  modified  by  the  relative  degrees  of  opacity  produced,  in 
mother  of  pearl  and  in  pearl,  by  the  interposition  of  the  par- 
ticles of  carbonate  of  lime,  and  in  the  scales  by  phosphate  of 
lime ;  for  this  peculiar  lustre  principally  resides  in  the  mem- 
branaceous part,  and  remains  with  it  when  the  acetous  or 
muriatic  acids  are  employed  as  menstrua,  but  is  completely 
destroyed  by  the  nitric  acid. 

The  horny  scales  of  serpents,  lizards,  and  such  like  animals, 
differ  from  the  foregoing ;  as  all  of  those  which  I  have  examined, 
consist  merely  of  the  membranaceous  or  homy  substance,  in  a 
more  or  less  indurated  state,  and  appear  to  be  devoid  of  phos- 
phate of  lime,  as  an  ossifying  matter. 

Horny  scales  in  general,  (and  the  scales  of  the  Manis  penta- 
dactyl  a  may  be  mentioned  as  an  example,)  afford  but  very  slight 
traces  of  gelatin  after  being  long  boiled  in  distilled  water;  and 
this  small  portion  of  gelatin  can  only  be  discovered  by  the  tan- 
ning principle,  and  by  nitro-muriate  of  tin,  unless  a  very  large 
quantity  of  the  scales  has  been  employed. 

Human  nail  digested  in  boiling  distilled  water  during  several 
days,  was  only  softened ;  and,  like  quill,  afforded  a  slight  cloud, 
by  the  addition  of  nitro-muriate  of  tin. 

Shavings  of  ox's  hoof,  when  long  digested  as  abovementioned, 
afforded  a  liquor  which,  in  like  manner,  was  only  made  slightly 
turbid  by  nitro-muriate  of  tin. 


Digitized  by 


and  Observations  on  the  component  Parts  of  Membrane.  375 

Nail  and  hoof,  when  long  boiled,  became  of  a  much  darker 
colour. 

The  horn-like  crust  which  covers  certain  insects  and  other 
animals,  was  subsequently  examined;  the  experiments  were  prin- 
cipally made  on  the  plates  which  covered  the  body  of  a  large 
African  scorpion,  and  on  the  common  tortoise-shell  of  the  shops. 

The  plates  taken  from  the  scorpion  were  not  apparently 
affected,  although  digested  for  a  long  time  in  boiling  distilled 
water. 

The  tanning  principle  produced  no  alteration,  when  added  to 
the  water ;  but  a  faint  white  cloud  appeared,  upon  the  addition 
of  nkro-muriate  of  tin. 

Tortoise-shell,  in  thin  slips  and  shavings,  was  digested  in  a 
similar  manner  during  three  weeks ;  but  it  was  only  slightly 
softened;  and  the  water,  which  had  acquired  a  brownish  colour, 
was  but  little  affected,  even  by  nitro-muriate  of  tin,  which 
however  formed  a  white  cloud.* 

i>  From  some  previous  circumstances,  which  need  not  here  be 
mentioned,  I  was  lastly  induced  to  make  some  similar  experi- 
ments on  albumen ;  and,  as  that  of  the  blood  is  mixed  with 
gelatin,  and  with  the  substance  called  fibrin  by  the  chemists, 
which  in  chemical  properties  appears  to  be  the  same  as  muscu- 
lar fibre,  and  as  it  is  with  some  difficulty  that  the  albumen  can 
be  exactly  separated  from  these  substances,  I  preferred  the 
albumen  of  eggs,  as  being  pure  and  unmixed ;  and,  in  order 
that  it  might  be  brought  into  a  state  in  some  measure  similar 
to  the  bodies  lately  examined,  (by  which  I  mean  simple  inspis- 
sation,)  I  dried  it,  after  coagulation,  in  a  vessel  which  was 

•  The  crust  which  covers  insects  like  the  scorpion,  appears  in  every  respect  to  be 
fimilar  to  tortoise-shell. 
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heated  to  2120  of  Fahrenheit,  till  it  became  perfectly  hard, 
brittle,  yellow,  and  semi-transparent,  like  horn. 

The  albumen,  in  this  state,  was  digested  during  eight  days  in 
boiling  distilled  water,  which  was  occasionally  renewed,  in  pro- 
portion to  the  evaporation. 

In  a  few  hours  after  the  commencement  of  the  digestion,  the 
transparent  horny  pieces  of  albumen  were  softened,  and  became 
white  and  opaque,  exactly  like  albumen  recently  coagulated ; 
but,  after  this,  no  farther  change  was  observed. 

At  the  end  of  eight  days,  the  water  in  which  the  albumen  had 
been  digested  was  examined,  and  was  found  exactly  to  resemble 
that  afforded  by  quill,  nail,  and  tortoise-shell ;  for  the  trans- 
parency of  it  was  not  disturbed  by  the  tanning  principle, 
although  nitro-muriate  of  tin  produced  a  faint  white  cloud* 

As  far,  therefore,  as  could  be  ascertained,  by  long  digestion 
in  boiling  distilled  water,  and  by  the  effects  of  the  re-agents, 
albumen  was  proved  to  be  very  similar  to  tortoise-shell,  and 
many  of  the  other  substances  previously  noticed ;  but  the  close 
resemblance,  or  rather  indeed  identity,  of  albumen  with  those 
bodies,  will  be  placed  in  a  stronger  light,  by  the  enumeration 
and  comparison  of  their  other  chemical  properties. 

As  I  have,  in  the  former  part  of  this  paper,  had  occasion  to 
mention  the  gelatin  obtained  from  the  Sponges  and  Gorgonia, 
it  is  not  necessary  here  to  repeat  those  remarks,  neither  is  it  re- 
quisite that  I  should  enter  into  any  minute  account  concerning 

•  •  • 

*  When  infusion  of  oak-bark  is  added  to  recent  liquid  albumen,  it  immediately 
forms  a  precipitate ;  and  nitro-muriate  of  tin  does  not  produce  any  effect  till  some 
hours  hare  elapsed.  But  after  coagulation  the  reverse  takes  place;  for  the  water  in 
■which  coagulated  albumen  has  been  long  boiled,  becomes  turbid  by  the  addition  of 
aitro-muriate  of  tin;  and  is  not  in  any  manner  affected  by  infusion  of  oak-bark. 
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the  experiments  made  on  bladder,  and  some  other  membranes. 
It  may  therefore  suffice  here  to  observe,  that  all  these  bodies 
afforded  more  or  less  gelatin ;  that,  when  this  was  separated,  the 
remaining  substance  ceased  to  be  tough,  or  elastic,  and  was  easily 
torn,  like  wetted  paper;  and  that,  when  dry,  the  sponges,  and 
such  membranes  as  bladder  and  cuticle,  became  very  brittle,  and 
were  shrivelled  and  curled  up,  like  withered  leaves  of  plants. 

But,  before  I  speak  of  the  nature  of  the  substance  which  thus 
remained,  it  will  be  proper,  concisely  to  notice  the  effects  of 
acids  on  the  bodies  which  afford  gelatin ;  and,  as  the  most  re- 
markable effects  were  produced  by  nitric  acid,  I  shall  to  that 
confine  the  present  observations. 

The  specific  gravity  of  the  nitric  acid  which  I  employed  in 
the  whole  of  my  experiments,  was  1 ,38 ;  and  this  acid  was  diluted 
with  a,  3,  or  4  measures  of  distilled  water,  according  to  the 
quality  of  the  substance  under  examination,  and  the  intended 
time  of  immersion.  But,  as  an  acid  too  powerful  would  have 
frustrated  my  intentions,  I  commonly  added  the  acid,  by  de- 
grees, and  at  long  intervals,  to  the  water  in  which  the  substance 
was  immersed ;  during  which  time,  if  any  nitrous  gas  was  dis- 
charged, more  water  was  added,  as  this  gas  was  a  certain  sign 
that  the  acid  was  not  sufficiently  diluted. 

Substances  like  the  Corallina  officinalis,  which  contain  a  large 
quantity  of  animal  mucilage,  or  of  the  least  viscid  jelly,  soon 
impart  it  to  boiling  water. 

In  like  manner,  when  such  substances  were  steeped  in  nitric 
acid  diluted  with  about  three  measures  of  water,  the  mucilage 
was  in  a  few  hours  completely  dissolved,  while  the  membrana- 
ceous part  remained  untouched. 

Pure  isinglass  dissolved  in  the  diluted  nitric  acid,  formed  a 
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pale  yellow  liquor,  which  by  evaporation  became  of  a  deeper 
colour,  and,  when  nearly  dry,  was  suddenly  reduced  to  a  spongy 
coal.  This  change  was  rapid;  and  was  attended  with  a  consi- 
derable effervescence,  and  a  copious  discharge  of  nitrous  gas, 
not  unfrequently  accompanied  by  sparks,  and  sometimes  flame; 
arising  undoubtedly  from  nitrate  of  ammoniac,  which  was  farmed 
towards  the  end  of  the  evaporation. 

The  acid  solutions  of  mucilage,  isinglass,  and  pure  glue,  were 
changed  to  a  deeper  yellow,  when  saturated  by  the  absorbent 
earths,  by  the  alkalies,  and  especially  by  pure  ammoniac.  In 
such  cases,  little  or  no  precipitate  was  obtained  from  pure  gela- 
tinous substances ;  but  some  faint  traces  of  phosphoric  acid  were 
discovered  in  these  solutions. 

The  effects  of  the  dilute  nitric  acid  on  the  other  various 
substances  which  have  been  mentioned,  resembled  those  now 
described,  and  kept  pace  exactly  with  those  of  boiling  water; 
for,  when  they  were  immersed  in  equal  quantities  of  the  dilute 
acid  during  a  given  time,  the  solution  of  the  gelatin  took  place 
according  to  the  order  observed  in  those  substances,  when  water 
was  employed. 

As  an  instance  of  this,  two  pieces  of  skin,  recently  taken  from 
an  ox,  were  subjected  to  experiment,  as  follows : 

One  of  the  pieces  was  boiled  in  water,  till  the  whole  of  the 
cutis  was  dissolved;  after  which,  the  cuticle  remained,  although 
very  feeble  in  texture,  while  the  hair  did  not  seem  to  have  suf- 
fered any  material  alteration. 

The  other  piece  was  steeped  in  nitric  acid  diluted  with  about 
four  measures  of  distilled  water.  At  the  end  of  five  days  the  cutis 
was  dissolved,  and  the  cuticle  was  become  of  a  loose  and  feeble 
texture;  but  the  hair  had  not  suffered  any  apparent  change, 
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excepting  that  of  being  slightly  tinged  with  yellow.  In  both 
cases,  therefore,  the  effects  of  boiling  water  and  of  acid  were 
similar,  and  were  evidently  most  powerful  on  those  parts  which 
were  the  most  gelatinous. 

As  water  dissolves  mucilage  more  speedily  than  size,  and  this 
last  more  readily  than  strong  viscid  glue,  so  are  the  effects  of 
very  dilute  nitric  acid  on  the  same  substances;  and,  when 
equal  quantities  of  dried  mucilage,  of  eel-skin  glue,  and  of  the 
strongest  glue,  were  dissolved  in  equal  quantities  of  the  dilute 
acid,  the  colour  of  the  solutions  was  more  intense,  and  the 
change  produced  by  ammoniac  was  more  visible,  according  to 
the  order  of  solubility  and  of  tenacity. 

It  is  well  known  how  readily  gelatin  is  dissolved  by  the 
caustic  fixed  alkalies :  when,  therefore,  the  varieties  of  jelly  or 
glue  were  added  to  boiling  lixivium  of  caustic  potash,  they  were 
soon  dissolved ;  and,  if  added  to  saturation,  a  brownish  viscid 
substance  was  formed. 

I  did  not  observe  that  any  ammoniac  was  produced,  neither 
was  any  coal  deposited,  after  long  boiling  the  solution  in  which 
there  was  an  excess  of  alkali. 

The  viscid  matter  thus  obtained,  did  not  possess  the  properties 
of  animal  soap ;  for  it  neither  formed  a  permanent  lather,  when 
mixed  and  shaken  with  water ;  nor,  when  saturated  with  acids> 
did  it  afford  any  precipitate ;  contrary  to  what  happens,  when 
animal  soap  is  thus  treated.  But,  if  the  gelatinous  substance  was 
not  pure;  if,  for  example,  any  parts  of  membrane,  which  are  not 
soluble  in  water,  were  present,  then,  in  proportion  to  the  quantity 
of  this  substance,  the  alkaline  solution  exhibited  more  or  less  of 
the  saponaceous  characters ;  but  these  I  never  observed  when 
pure  gelatin  was  employed. 
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Gelatin,  according  to  its  quantity  and  quality,  has  a  powerful 
influence  on  some  of  the  physical  and  chemical  properties  of 
the  bodies  in  which  ft  is  present;  by  these  properties,  I  mean 
flexibility,  elasticity,  and  putrescibility. 

So  much  has  been  said  already,  in  various  parts  of  this  paper, 
tending  to  proye  how  much  the  degrees  of  flexibility  and  elas- 
ticity, in  various  animal  substances,  depend  on  their  gelatinous 
part,  that  little  need  be  added ;  and,  when  it  is  considered,  that 
bodies  such  as  muscular  fibre,  membrane,  sponge,  hair,  and 
cuticle,  being  deprived  of  gelatin,  and  dried  in  the  air,  become 
rigid  and  brittle,  no  doubt  can  be  entertained  but  that  this 
arises  from  the  loss  of  the  gelatinous  substance;  and,  as  an 
additional  proof,  when  bodies  such  as  nail,  feather,  quill,  and 
tortoise-shell  (which  contain  little  or  no  gelatin)  are  long 
boiled,  and  then  dried  in  the  air,  like  the  former,  they  are 
found  to  have  suffered  scarcely  any  alteration  in  their  respec- 
tive degrees  of  flexibility  and  elasticity. 

As  to  putrefaction,  it  is  obvious  to  every  one,  that  certain  parts 
of  animals  are  much  more  susceptible  of  it  than  others ;  and 
that,  when  the  carcase  of  an  animal  begins  to  putrefy,  the  most 
humid  and  flexible  parts  are  always  first  affected. 

Thus,  the  viscera,  muscles,  and  cutis,  soon  suffer  a  change ; 
while  hair,  feather,  scale,  horn,  hoof,  and  nail,  remain  unchanged, 
ages  after  the  former  have  been  decomposed ;  and  this  is  evi- 
dently caused  by  the  gelatin  and  moisture,  which  are  combined 
in  the  former,  and  not  in  the  latter,  at  least  in  any  notable 
quantity.  I  have  already  mentioned  the  progressive  and  com- 
parative effects  of  boiling  water,  and  of  dilute  nitric  acid,  on  the 
skin  of  the  ox;  and  I  have  shewed,  that  while  the  cutis  was 
completely  dissolved,  the  hair  remained  untouched.  These  effects 
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are  to  be  observed,  in  the  same  exact  order,  wben  a  similar 
piece  of  skin  is  exposed  to  putrefaction ;  for  this  commences  in> 
and  chiefly  affects,  the  cutis,  while  the  hair  is  separated,  un- 
changed in  Hs  quality.  I  do  not,  therefore,  hesitate  to  assert, 
that  the  degree  of  putrescibility  in  the  various  parts  of  animals, 
depends  principally  on  the  presence,  and  on  the  quantity  and 
quality,  of  gelatin ;  and  the  skin  of  the  rhinoceros  found 
on  the  banks  of  the  Vilui,  near  Yakutsk,  was  preserved,  in  all 
probability,  partly  by  the  nature  of  the  climate  and  soil,  and 
partly  by  the  superior  horny  quality  which  it  possessed  over 
other  skins ;  for  it  may  be  much  questioned,  whether  the  hide 
of  an  ox  or  horse,  in  the  same  situation,  would  have  escaped 
putrefaction  for  so  long  a  period.* 

From  the  preceding  observations  it  appears,  that  gelatin  is  a 
component  part  of  many  animal  substances. 

That  it  differs  in  quality,  from  a  very  attenuated  jelly  or 
mucilage,  to  that  viscid  substance  called  glue;  the  varieties  of 
which  also  differ  in  solubility  and  tenacity. 

That  it  is  present  in  various  proportions;  so  that  certain 
bodies,  such  as  the  cutis,  and  the  cartilages  of  the  joints,  are 
formed  by  it;  while  others,  like  nail,  quill,  and  tortoise-shell, 
can  scarcely  be  said  to  contain  it. 

And  that,  by  its  presence,  in  various  states  and  proportions, 
it  may  be  regarded  (including  inherent  moisture  and  organic 

•  The  more  viscid  gelatinous  substances  do  not  appear  to  be  so  immediately  sus- 
ceptible of  putrefaction  as  those  of  the  opposite  quality ;  for,  when  solutions,  in  water, 
of  animal  mucilage,  ecl-skin  glue,  and  strong  glue,  were  during  a  certain  time  ex- 
posed under  equal  circumstances,  I  found  the  mucilage  to  be  the  first,  and  the  glue  the 
last,  which  shewed  symptoms  of  putrefaction. 
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arrangement)  as  the  principal  cause  of  those  degrees  of  flexi- 
bility, of  elasticity,  and  of  putrescibility,  so  various  in  the 
different  parts  of  animals  * 

But,  when  gelatin  has  been  separated  from  the  different 
substances,  either  by  repeated  boiling  with  water,  or  by  being 
steeped  in  dilute  acids,  a  more  insoluble  substance  remains, 
of  a  very  different  nature,  which  I  shall  now  proceed  to 
examine. 

When  a  bone  or  piece  of  ivory  has,  by  long  boiling  in 

*  As  gelatin,  according  to  its  proportion  and  quality,  appears  to  produce  consider- 
able effects  on  the  parts  of  animals  in  which  it  is  present ;  and,  as  the  gelatin  in  animal 
bodies  is,  in  all  probability,  liable  to  be  changed  and  modified  by  morbid  cause*,  it  is 
much  to  be  wished,  that  gentlemen  of  the  medical  profession  would  ascertain,  by  expe- 
riments, how -far  the  tonic  properties  of  barks  depend  on  the  tanning  principle. 

Mr.  Biggin  has  proved,  (Phil.  Trans,  for  1799.  p.  259)  that  willow  bark,  and 
•specially  that  of  the -Huntingdon  or  Leicester  willow,  contains  the  tanning  matter  in 
a  considerable  quantity ;  and  that  the  latter,  in  this  respect,  even  equals,  or  rather  ex- 
ceeds, that  of  oak. 

My  friend,  the  Rev.  Thomas  Racxktt,  Rector  of  Spetisbury  and  Charlton,  in 
Dorsetshire,  has  employed,  in  those  parishes,  the  bark  of  the  common  willow  with 
great  success,  as  a  tonic  and  febrifuge.  Moreorer,  Mr.  WgsTaiNcof  Norrkoping, 
has  observed,  (Annates  de  Cbimit.  Tom.  XXXII.  p.  179.)  that  those  species  of  Cm- 
cbona  which  contain  the  tanning  principle  in  the  greatest  quantity,  are  the  most 
efficacious  in  fevers  ;  and  that  the  Cinchona  Jioribunda,  which  contains  scarcely  any 
tanning  matter,  is  destitute  of  the  abovementioned  beneficial  effects.  Mr.  West  ring 
therefore,  with  great  apparent  reason,  believes,  that  the  relative  effects  produced  by 
the  different  species  of  Cinchona,  when  employed  in  medicine,  are  in  proportion  to 
their  tanning  power,  or  the  quantity  of  tanning  principle  contained  in  them. 

If  any  one  should  he  induced  to  make  experiments  on  the  tonic  effects  of  the 
tanning  principle,  it  is  to  be  hoped  that  some  attention  would  also  be  paid  to  the 
medicinal  properties  of  nitro^nuriate  of  tin,  of  which,  at  present,  I  believe  little  or 
nothing  is  known. 
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water,  been  deprived  of  a  great  part  of  its  gelatin,  and  is 
afterwards  steeped  in  a  dilute  acid,  the  ossifying  substance  is 
dissolved,  and  the  cartilage  remains,  retaining  the  figure  of  the 
original  bone ;  or,  if  a  similar  bone  or  piece  of  ivory,  which  has 
not  been  boiled,  is  steeped  in  a  dilute  acid,  (especially  nitric 
acid,)  the  ossifying  substance  is  dissolved,  and,  at  the  same 
time,  but  more  slowly,  the  gelatin  is  separated,  and  causes  the 
liquor  to  become  yellow,  when  the  phosphate  of  lime  is  preci- 
pitated by  ammoniac. 

The  cartilaginous  body  which  remains,  after  the  gelatin  has 
been  thus  separated,  is  not  easily  soluble  in  dilute  acids,  for 

* 

(according  to  its  texture)  many  weeks,  and  even  months,  may 
elapse,  before  a  small  part  is  taken  up;  but,  in  concentrated 
nitric  acid,  or  in  boiling  dilute  acid,  it  is  rapidly  dissolved,  as  I 
shall  soon  have  occasion  to  mention. 

This  substance,  when  dry,  is  semi-transparent,  like  horn, 
and  more  or  less  brittle. 

It  is  the  predominant  and  essential  part,  in  the  tissue  or 
web  of  membrane,  cartilage,  sponge,  the  homy  stems  of  Gor- 
gonia,  horn,  hair,  feather,  quill,  hoof,  nail,  homy  scale,  crust, 
and  tortoise-shell ;  and,  although  of  similar  chemical  properties, 
yet  in  consistency  it  varies,  from  a  tender  jelly-like  substance, 
to  a  completely  formed  membrane,  or  to  an  elastic,  brittle,  and 
hard  body,  like  tortoise-shell  * 

•  These  bodies,  especially  tortoise-shell,  appear  to  be  formed  (as  far  as  organic 
arrangement  is  concerned)  in  the  way  of  stratum  super  stratum.  This  structure  is 
peculiarly  to  be  discovered  after  long  maceration  in  diluted  nitric  acid ;  for  then, 
tortoise-shell  appears  to  be  composed  (like  the  black  polished  Gorgonia)  of  membra- 
naceous laminae ;  and  the  varieties  of  horn  differ  only  by  a  tendency  to  the  fibrous 
organization. 
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Experiments  were  made  separately,  on  each  of  the  bodies 
above  enumerated;  but,  as  I  did  not  find  any  essential  dif- 
ference in  the  results,  I  shall  include  the  whole  under  the 
following  observations. 

1.  When  distilled,  a  small  portion  of  water,  some  carbonate 
of  ammoniac,  a  foetid  empyreumatic  oil,  carbonated  hydrogen 
gas,  carbonic  acid  gas,  and  prussic  acid,  were  obtained. 

s.  A  spongy  coal,  of  a  gray  metallic  lustre,  remained :  this, 
by  incineration,  afforded  a  very  small  residuum,  which  was  not 
always  similar  in  quantity,  even  in  portions  of  the  same  sub- 
stance ;  for,  500  grains  of  tortoise-shell,  taken  from  different 
samples,  afforded  from  £  of  a  grain  to  3  grains  of  residuum, 
which  consisted  of  phosphate  of  lime,  and  phosphate  of  soda ; 
sometimes  also  a  little  carbonate  of  lime  was  present ;  but  I  do 
not  believe  these  to  be  essential  ingredients. 

3.  "When  boiled  many  days  in  distilled  water,  the  substance 
was  softened ;  and  the  water  became  slightly  turbid  with  nitro- 
muriate  of  tin;  but  no  effect  was  produced  by  the  tanning 
principle. 

4.  Muriatic  and  sulphuric  acids  had  little  effect,  unless 
heated;  and  the  same  was  the  case  with  nitric  acid  much 
diluted,  or  in  the  state  proper  to  extract  and  separate  gelatin ; 
but,  if  the  immersion  in  the  dilute  acid  was  continued  during 
some  weeks,  the  acid  gradually  acquired  a  yellow  tinge,  and, 
when  saturated  with  ammoniac,  became  of  a  deeper  colour, 
without  having  its  transparency  disturbed. 

5.  The  substance  which  had  thus  been  long  steeped  in  the 
acid,  was  much  softened,  was  become  more  transparent,  and, 
from  being  horny,  was  now  more  like  a  cartilaginous  sub- 
stance: when  taken  out  of  the  acid,  if  it  was  immediately 
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steeped  in  pure  ammoniac,  it  changed  to  a  deep  orange  colour, 
inclining  to  blood  red ;  it  was  gradually  and  silently  dissolved, 
without  any  residuum,  and  a  deep  orange  or  yellowish  brown 
coloured  liquor  was  formed. 

6.  Or,  when  taken  out  of  the  acid,  if  it  was  first  well  washed 
in  distilled  water,  and  then  boiled,  it  was  also  dissolved,  and 
formed  a  pale  yellowish  solution :  this,  by  evaporation  and 
cooling,  became  a  jelly,  which  was  again  soluble  in  boiling 
water ;  and  was  precipitated,  like  gelatin,  by  the  tanning  prin- 
ciple, and,  more  slowly,  by  nitro-muriate  of  tin. 

7.  If  the  nitric  acid  in  which  the  substance  was  immersed 
was  not  sufficiently  diluted,  or  if  heat  was  applied,  the  whole 
was  rapidly  dissolved,  with  a  considerable  effervescence,  and 
discharge  of  nitrous  gas. 

8.  This  solution  was  yellow,  like  the  former,  the  colour 
being  intense,  in  proportion  to  the  quantity  dissolved ;  and  it 
was  also  changed  to  a  deep  orange  or  yellowish  brown  by  the 
addition  of  ammoniac,  without  depositing  any  precipitate,  un- 
less a  large  quantity  had  been  dissolved. 

g.  The  nitric  solutions  of  this  substance,  when  evaporated, 
afforded  much  the  same  appearances  as  those  of  gelatin,  but 
the  coal  which  remained  was  less  spongy. 

10.  This  substance  (whether  of  sponge,  horn,  quill,  hair,  nail, 
or  tortoise-shell,  &c.)  was  strongly  distinguished  from  gelatin, 
by  the  effects  produced  when  boiled  with  caustic  fixed  alkali ; 
for  animal  soaps  were  formed,  exactly  similar  in  every  property 
excepting  colour,  and  the  whole  of  the  original  substance  was 
completely  dissolved. 

n.  During  the  process,  a  considerable  quantity  of  ammoniac 
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was  discharged;  and,  if  the  alkali  was  in  excess,  some  coal 
was  deposited. 

12.  When  the  animal  soap  was  dissolved,  diluted  with  dis- 
tilled water,  and  filtrated,  if  an  acid  (such  as  the  acetous,  or 
muriatic)  was  added,  a  copious  precipitate  was  obtained,  which 
was  re-dissolved  by  an  excess  of  acid. 

13.  This  precipitate,  being  collected  upon  a  filter,  appeared  at 
first  like  a  yellow  or  brownish  viscid  substance,  which,  when 
dry,  was  like  a  thick  coat  of  varnish,  or  dried  white  of  egg,  and 
in  like  manner  was  brittle,  and  broke  with  a  glossy  fracture. 

14,.  It  burned  like  quill  or  tortoise-shell,  leaving  a  spongy 
coal ;  and,  when  distilled,  afforded  products  like  those  obtained 
from  the  bodies  abovementioned. 

15.  It  was  not  readily  soluble  in  dilute  acids;  and  was  acted 
upon  by  nitric  acid  and  ammoniac  like  the  substances  from 
which  it  had  been  obtained ;  the  properties  also  of  its  solutions 
in  nitric  acid  and  ammoniac  were  similar. 

16.  With  caustic  lixivium  of  potash  it  readily  combined,  and 
again  formed  animal  soap. 

17.  It  was  not  quite  so  insoluble  in  boiling  water  as  quill  or 
tortoise-shell;  and  the  water  in  which  it  had  been  boiled  was 
not  only  made  turbid  by  nitro-muriate  of  tin,  but  yielded  a 
precipitate  when  infusion  of  oak-bark  was  added,  after  the 
manner  of  gelatin. 

These  experiments  proved,  that  this  precipitate  was  the  same 
as  the  original  substance  from  which  it  had  been  obtained ;  and 
that  the  only  change  it  had  suffered,  was  that  of  being  rendered 
rather  more  soluble  in  boiling  water. 

The  whole  series  of  experiments  on  the  various  bodies  lately 
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enumerated,  convinced  me  moreover,  by  the  similarity  of  re- 
sults, that  they  essentially  consisted  of  one  and  the  same 
substance,  modified  in  texture  by  the  degrees  of  organic  arrange- 
ment, and  by  the  occasional  presence,  and  different  proportion 
and  quality,  of  gelatin. 

But  the  difference  in  chemical  properties  shewed,  that  this 
last  mentioned  substance  (I  mean  gelatin)  was  quite  distinct 
from  that  which  is  now  under  examination;  and,  from  the 
resemblance  of  certain  effects  observed  when  quill  and  tortoise- 
shell  were  compared  with  inspissated  albumen,  by  being  long 
digested  in  boiling  water,  I  was  induced  to  make  a  series  of 
comparative  experiments  upon  albumen,  similar  in  every  respect 
to  those  which  have  been  so  lately  described,  of  which  the  fol- 
lowing are  the  results. 

1.  By  distillation,  the  coagulated  dry  semi-transparent  albu- 
men, afforded  products  exactly  similar  to  those  obtained  from 
tortoise-shell,  and  the  other  substances  which  have  just  been 
examined. 

2.  A  spongy  coal  remained,  of  very  difficult  incineration ;  as 
towards  the  end  of  the  process  it  appeared  vitrified,  and  glazed 
with  a  melted  saline  coat,  which  was,  however,  easily  dissolved 
by  water. 

The  residuum  was  again  exposed  to  a  long  continued  red 
heat,  and  again  treated  with  water,  till,  at  length,  a  few  scarcely 
visible  particles  remained ;  which,  as  far  as  such  a  small  quantity 
would  permit  to  be  ascertained,  proved  to  be  phosphate  of  lime. 

The  portion  dissolved  by  water  (which  was  by  much  the 
most  considerable)  consisted  principally  of  carbonate,  mixed 
with  a  small  quantity  of  phosphate  of  soda. 

3.  When  steeped  in  dilute  nitric  acid,  it  was  not  soon  affected ; 
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but,  after  about  four  weeks,  the  acid  began  to  be  tinged  with 
yellow,  which  gradually  became  deeper  in  the  course  of  three 
months ;  the  albumen,  however,  although  less  transparent,  was 
but  little  diminished. 

The  yellow  acid  solution,  when  saturated  with  ammoniac, 
changed  to  a  deep  orange  colour,  and  remained  transparent 

4.  The  albumen  which  had  been  thus  steeped  in  the  dilute 
nitric  acid,  was  immediately  immersed  in  ammoniac;  which 
changed  it  to  a  deep  orange  colour,  inclining  to  a  blood  red, 
and  gradually  dissolved  it,  without  any  apparent  residuum. 

This  solution  was  of  a  deep  yellowish  brown. 

5.  If  the  albumen,  instead  of  being  immersed  in  ammoniac, 
was  washed,  and  then  boiled  with  distilled  water,  it  was  dis- 
solved, and  formed  a  pale  yellow  liquor,  which,  by  evaporation, 
formed  a  gelatinous  mass ;  this,  being  dissolved  again  in  boiling 
water,  was  (like  gelatin)  precipitated  by  the  tanning  principle, 
and  more  slowly  by  nitro-muriate  of  tin. 

6.  By  concentrated  nitric  acid,  or  by  the  dilute  acid  when 
heated,  albumen  was  speedily  dissolved,  with  much  efferves- 
cence,  and  a  copious  discharge  of  nitrous  gas. 

7.  This  solution  was  like  that  of  tortoise-shell,  and  the  other 
substances  mentioned  in  the  former  experiments. 

8.  When  evaporated,  it  afforded  similar  results. 

9.  Albumen,  like  tortoise-shell,  quill,  and  nail,  was  dis- 
solved by  boiling  lixivium  of  caustic  potash,  and  formed  animal 
soap. 

10.  In  like  manner  also,  a  considerable  portion  of  ammoniac 
was  discharged ;  and,  if  the  alkali  was  in  excess,  some  coal  was 
deposited. 

1 1.  The  animal  soap  obtained  from  albumen,  when  dissolved 
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in  water,  yielded  a  precipitate,  by  the  addition  of  acetous  or 
muriatic  acid ;  and  the  precipitate  was  re-dissolved,  when  the 
acid  was  added  to  excess. 

12.  This  precipitate,  when  collected  on  a  filter,  appeared 
more  saponaceous,  and  less  viscid,  than  that  obtained  from  the 
substances  lately  examined  *  When  gently  heated,  some  oil 
flowed  from  it ;  after  which,  a  brownish  viscid  substance  re- 
mained, similar  in  its  properties  to  that  which  was  obtained  from 
the  animal  soap  made  by  tortoise-shell,  and  the  other  bodies.-f 

13.  It  may  not  be  improper  here  to  repeat,  that  inspissated 
albumen,  long  boiled  with  distilled  water,  was  not  apparently 
diminished;  but  the  water  (like  that  in  which  tortoise-shell, 
quill,  or  nail,  has  been  boiled)  had  acquired  the  property  of 
becoming  white  and  turbid,  when  nitro-muriate  of  tin  was 
added,  although  it  was  not  changed  by  the  tanning  principle. 

To  this  also  may  be  added,  that  the  water  in  which  tortoise- 
shell,  nail,  and  albumen,  had  been  boiled,  became  in  some 
measure  putrid  in  a  few  days,  and  emitted  an  offensive  smell. 

I  am  not  inclined,  however,  to  regard  this  as  a  proof  that  any 
gelatin  had  been  separated  from  these  bodies  by  means  of  boil- 
ing water,  but  rather  that  inspissated  albumen,  tortoise-shell, 

*  This  precipitate,  When  obtained  from  different  substances,  such  as  hair,  wool, 
and  muscular  fibre,  appeared  in  some  cases  more,  and  in  others  less  viscid,  although 
similar  in  every  other  property. 

It  wili  be  proper  also  here  to  observe,  that  the  saponaceous  solutions  were  always 
filtrated,  before  the  addition  of  the  acids. 

f  The  yolk  of  eggs,  when  boiled  with  caustic  lixivium  of  potash,  forms  a  pale 
olive- coloured  concrete  animal  soap,  which,  when  dissolved  in  water,  and  saturated 
with  muriatic  acid,  is  precipitated  in  the  state  of  mere  fat. 

Yolk  of  egg,  by  incineration,  affords  a  small  portion  of  phosphate  of  soda  and 
*flim*. 
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are  substances  really  soluble,  although  in  so  slight  a  degree 
as  to  approach  insolubility;  and  that  thus  the  prevalent  opinion 
has  arisen  concerning  the  insolubility  of  coagulated  albumen 
in  boiling  water. 

Neither  is  the  putrefaction  of  the  water  in  which  the  bodies 
abovementioned  have  been  boiled,  a  proof  that  any  other  than 
their  real  substance  has  been  dissolved;  for  this  putrefaction 
appears  to  depend  on  its  attenuated  and  diluted  state,  more 
than  on  any  other  cause.  Tortoise-shell,  nail,  quill,  and  similar 
bodies,  certainly  are  not  liable  to  putrefaction  ;  neither  is  albu- 
men, when  in  the  inspissated  semi-transparent  state. 

This  last  substance  also,  when  merely  coagulated,  does  not 
easily  putrefy;  for  I  kept  it,  when  it  was  soft,  white,  and 
coagulated,  in  water,  during  the  whole  of  the  month  of  last 
April,  without  finding  that  it  became  really  putrid :  towards  the 
latter  part  of  the  time,  it  had  rather  a  disagreeable  smell ;  still, 
however,  it  was  far  from  being  absolutely  putrid. 

But  albumen  which  has  not  been  coagulated,  or  which  has 
been  diluted  and  shaken  with  a  quantity  of  cold  water,  begins 
in  a  very  few  days  to  be  putrid;  liquid  albumen,  therefore, 
enters  easily  into  putrefaction,  although  it  is  the  reverse  with 
that  which  is  dense  and  solid :  and,  from  a  comparison  of  the 
preceding  experiments  upon  tortoise-shell,  quill,  nail,  &c.  with 
those  made  on  albumen,  I  am  induced  to  believe,  that  the 
former  bodies  are  essentially  composed  of  albumen,  modified 
by  the  various  effects  of  organization,  and  reduced  to  a  state 
of  density  far  exceeding  that  which  is  produced  by  simple 
inspiration. 

And,  although  the  bodies,  which  of  late  have  been  particu- 
larly mentioned,  appear  to  consist  principally  of  albumen,  with 
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sometimes  the  addition  of  gelatin  in  different  proportions,  yet, 
as  in  certain  membranes  and  such  like  substances,  portions  of 
muscular  fibre  were  at  times  found  joined  or  interwoven ;  and 
as  muscle,  ligament,  and  tendon,  seem  to  glide  almost  imper- 
ceptibly into  each  other,  I  was  almost  unavoidably  induced  to 
make  some  experiments  on  muscular  fibre. 

The  muscular  fibre  on  which  the  greater  part  of  these  expe- 
riments was  made,  was  that  of  beef ;  and,  in  order  to  separate 
the  liquid  albuminous  part  or  lymph,  as  much  as  possible,  a 
quantity  of  lean  muscle  of  ox  beef,  cut  into  small  thin  pieces, 
was  macerated  during  15  days  in  cold  water,  and  was  subjected 
to  pressure  each  day,  when  the  water  was  changed.  The  weathef 
was  very  cold ;  and  the  maceration  was  continued  to  the  end  of 
the  15th  day,  without  any  sign  of  putrescency. 

The  shreds  of  muscle  (amounting  to  about  3  pounds)  were 
then  boiled  with  about  6  quarts  of  water,  during  5  hours ;  and, 
the  water  being  changed,  the  same  was  repeated  every  day, 
during  the  course  of  three  weeks ;  at  the  end  of  which  time,  the 
water  afforded  only  slight  signs  of  gelatin,  when  infusion  of 
oak-bark,  or  nitro-muriate  of  tin,  was  added.  After  this,  the 
fibrous  part  was  well  pressed,  and  was  dried  by  the  heat  of  a 
water  bath. 

Some  of  the  muscular  fibre  thus  prepared,  was  steeped  in 
nitric  acid  diluted  with  three  measures  of  water,  during  15  days. 
The  acid  acquired  a  yellow  tinge,  and  possessed  all  the  pro- 
perties of  the  nitric  solutions  of  albumen. 

The  fibre  which  had  been  thus  steeped  in  the  acid,  was 
(when  washed)  dissolved  by  boiling  water,  and  by  evaporation 
became  a  gelatinous  mass;  which,  being  again  dissolved  in 
boiling  water,  was  precipitated  by  infusion  of  oak-bark,  and, 
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more  slowly,  by  nitro-muriate  of  tin,  like  the  albuminous  sub- 
stances, when  treated  in  a  similar  manner. 

When  the  fibre  which  had  been  steeped  in  the  acid  was 
immersed  in  ammoniac,  it  was  not  completely  dissolved,  like 
albumen,  but  afforded  a  residuum,  which  will  soon  be  noticed. 
The  greater  part  was,  however,  thus  dissolved ;  and  formed  a 
deep  orange  or  yellowish  brown  solution,  similar  in  properties 
to  that  of  albumen. 

When  boiled  with  lixivium  of  caustic  potash,  this  muscular 
fibre  was  completely  dissolved ;  ammoniac  was  discharged,  and 
animal  soap  was  formed ;  which,  being  diluted  with  water,  and 
saturated  with  muriatic  acid,  yielded  a  precipitate,  similar  in 
every  property  to  that  which  had  been  obtained  from  the  animal 
soaps  formerly  mentioned,  excepting,  that  it  sooner  became 
hard  and  glossy,  when  exposed  to  the  air.* 

Muscular  fibre,  when  prepared  as  already  mentioned,  so  as 
(by  long  maceration,  and  subsequent  boiling,  with  frequent 
change  of  water)  to  be  very  nearly  deprived  of  the  whole  of  its 
gelatinous  part,  is  not  easily  brought  into  the  putrid  state.  A 
small  quantity  was  kept  moistened  with  water,  during  the 
whole  of  last  April ;  in  the  course  of  which  time,  it  acquired  a 
musty  but  not  a  putrid  smell;  neither  were  the  fibres  reduced 

*  In  respect  to  (economical  purposes,  it  may  be  proper  here  to  observe,  that  all 
animal  substances  whatever,  (exclusive  of  carbonate  and  phosphate  of  lime,)  may  be 
converted  into  two  substances  of  much  utility,  namely,  glue,  (under  which  term  I 
include  all  the  varieties  mentioned  in  this  paper,)  and  soap;  with  the  additional 
advantage,  that  those  parts  which  would  be  rejected  in  making  the  one,  are  the  most 
proper  to  prepare  the  other. 

The  offensive  smell  of  Chaptal's  soap  is  considered  as  an  objection ;  but  this  may 
be  removed,  by  exposing  the  soap  for  some  time,  in  flat  vessels,  to  the  air;  after  which, 
it  may  be  reduced  to  the  proper  degree  of  consistency,  by  a  second  boiling. 
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to  a  pulpy  mass.*  I  am  inclined  therefore  to  suspect,  that  strong 
and  completely  formed  muscular  fibre,  considered  as  a  distinct 
substance,  is  not  of  easy  putrescibility  ;  and  that  the  readiness 
with  which  muscle  in  general  enters  into  putrefaction,  is  prin- 
cipally owing  to  the  gelatin,  which  is  combined  and  mixed  with 
it,  in  a  large  proportion,  as  a  component  part,  and  which,  with 
the  natural  quantity  of  moisture,  is  requisite  to  give  the  fibre  a 
proper  degree  of  toughness  and  flexibility. 

The  residuum  afforded  by  muscular  fibre  which  had  been 
long  steeped  in  dilute  nitric  acid,  and  afterwards  immersed  in 
ammoniac,  consisted  principally  of  fat,  mixed  with  a  small  por- 
tion of  the  fibre  which  had  not  been  sufficiently  acted  upon  by 
the  acid ;  and  little  or  no  earthy  matter  was  thus  obtained. 

But,  when  the  prepared  muscular  fibre  was  dissolved  in  boil- 
ing nitric  acid,  a  complete  solution,  resembling  that  of  albumen, 
in  its  general  properties,  was  formed ;  and  some  fat  floated,  in 
drops,  at  the  top  of  the  liquor. 

•  Ammoniac  was  then  added,  so  as  to  super-saturate  the 
acid,  and  produced  the  same  effects  as  on  the  nitric  solutions 
of  albumen,  excepting,  that  a  copious  white  precipitate  was 
obtained. 

This  precipitate,  while  moist,  was  agitated  with  a  quantity  of 
acetous  acid,  which  dissolved,  and  separated,  a  small  portion 
of  phosphate  of  lime ;  but  the  remainder,  and  by  much  the 
greatest  part  of  this  precipitate,  was  scarcely  attacked,  even 
when  the  acid  was  boiled. 

When  exposed  to  a  red  heat,  it  became  dark  gray^  and  then 

•  A  portion  of  this  muscular  fibre  was  kept  under  water  during  two  months ;  it 
did  not  however  become  putrid,  nor  was  it  converted  into  that  fatty  substance  which 
h  obtained  from  recent  muscle,  under  similar  circumstances. 
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nearly  white ;  after  which,  it  was  in  the  state  of  carbonate  of 
lime. 

Another  part  was  dissolved  in  nitric  acid,  and  lime  was  preci- 
pitated by  carbonate  of  soda.  The  slight  excess  of  the  latter  was 
then  saturated  by  acetous  acid ;  and  the  whole  was  boiled,  to 
expel  the  carbonic  acid ;  after  which,  the  liquor,  from  its  effects 
on  solutions  of  lime,  barytes,  &c.  evidently  contained  oxalic  acid 
in  solution :  the  precipitate  was  therefore  oxalate  of  lime,  mixed 
with  a  very  small  quantity  of  phosphate  of  lime. 

200  grains  of  the  dry  muscular  fibre,  dissolved  and  boiled 
with  nitric  acid,  afforded  1 7  grains  of  this  precipitate. 

Although  it  is  known  that  the  gelatinous  liquor  obtained 
from  muscle  by  boiling  water,  contains  phosphate  of  soda,  and 
of  lime,  yet  I  did  not  imagine  that  the  greater  part  of  the  latter 
could  be  so  completely  separated. 

I  therefore,  in  some  measure,  repeated  the  experiment,  on  the 
muscle  of  veal;  and  (as  I  expected)  found  phosphate  of  soda, 
and  of  lime,  in  the  liquor.  But,  when  the  muscle  was  after- 
wards dissolved  in  boiling  nitric  acid,  and  the  solution  was 
saturated  with  ammoniac,  I  was  surprized  to  find  that,  although 
the  same  change  in  colour  was  produced  as  in  all  the  former 
experiments,  the  liquor  remained  transparent;  and,  even  after 
several  days,  only  a  few  scattered  particles  appeared  at  the 
bottom  of  the  vessel. 

Another  experiment  was  made,  on  the  recent  muscle  of  mut- 
ton ;  but  this  was  immediately  dissolved  in  nitric  acid,  without 
being  previously  boiled  in  water.  The  fat  being  separated,  the 
solution  was,  as  before,  saturated  with  ammoniac ;  and,  as  usual, 
became  of  a  deep  orange  colour,  or  yellowish  brown :  in  a  few 
hours  also,  a  small  quantity  of  a  white  precipitate  subsided. 
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• 

This  precipitate,  however,  was  completely  and  readily  soluble 
in  acetous  acid ;  and  in  every  respect  proved  to  be  phosphate 
of  lime. 

Before  I  proceed,  it  will  be  proper  to  observe,  that  the  liquor 
from  which  the  above  precipitate  was  separated,  as  well  as  those 
afforded  by  the  muscle  of  veal,  by  the  prepared  muscle  of  beef, 
by  the  solutions  of  tortoise-shell  and  of  albumen,  in  boiling 
nitric  acid,  subsequently  saturated  by  ammoniac,  all  contained 
a  considerable  portion  of  uncombined  oxalic  acid,  which  was 
separated  by  acetite  of  lime,  and  of  lead.  But  I  did  not  find 
oxalic  acid  in  the  solutions  formed  by  immersing  these  bodies,  , 
for  a  long  time,  in  cold  and  dilute  nitric  acid ;  neither  did  I  find 
oxalic  acid  in  solutions  made  by  dissolving  these  substances 
in  boiling  muriatic  acid.  It  is  evident,  therefore,  that  the  oxalic 
acid  observed  in  the' above  experiments,  was  a  product  of  the 
operations,  and  not  an  educt  of  the  substances. 

We  may  conclude,  from  the  experiments  on  the  muscular 
substances  which  have  been  lately  mentioned,  that  they  con- 
tain lime,  in  various  proportions,  and  in  two  different  states, 
viz.  carbonate  and  phosphate ;  and  that  the  greater  part 
of  the  latter  is  gradually  separated,  in  conjunction  with  the 
gelatin,  by  means  of  boiling  water.  I  would  not  however 
have  it  understood,  that  phosphate  of  lime  is  an  essential 
ingredient  in  gelatinous  substances;  for,  on  the  contrary, 
isinglass,  which  is  a  perfectly  gelatinous  body,  affords  but  a 
mere  visible  trace  of  it.  The  muscular  fibre  of  beef  appears  to 
have  been  nearly  deprived  of  its  phosphate  of  lime,  by  the  long 
continued  and  repeated  boiling  in  water  to  which  it  had  been 
subjected ;  but  still  so  large  a  quantity  of  lime  remained,  that 
when  oxalic  acid  was  formed  by  the  action  of  the  boiling 
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nitric  acid,  it  combined  with  the  lime,  and  formed  an  oxalate, 
which  amounted  to  17  grains,  from  200  grains  of  the  dry 
muscular  fibre,  dissolved  in  nitric  acid,  and  precipitated  by 
ammoniac. 

I  do  not  know  what  quantity  of  phosphate  of  lime  was 
separated  with  the  gelatin,  as  I  was  then  only  intent  on  prepa- 
ring the  fibrous  part  of  the  muscle;  but,  from  the  quantity  of 
lime  which  remained,  and  which  afterwards  combined  with  the 
oxalic  acid,  it  is  evident,  that  in  the  muscle  of  beef  there  is  a  con- 
siderable portion  of  earthy  matter ;  and  as,  by  the  experiment 
on  the  muscle  of  veal,  scarcely  any  precipitate  was  obtained 
after  it  had  been  boiled,  and  as  but  a  small  portion  of  phos- 
phate of  lime  was  present  in  the  gelatinous  liquid,  it  appears 
that,  in  this  muscle,  the  whole  of  the  small  portion  of  lime 
which  it  contained  was  in  the  state  of  phosphate ;  and  this  being 
nearly  separated,  there  did  not  remain  any  part  of  uncombined 
lime,  or  carbonate  of  lime,  which,  by  uniting  with  the  oxalic 
acid,  (subsequently  produced,)  would  form  an  oxalate ;  and  as 
lime,  in  the  states  of  phosphate  and  carbonate,  is  so  much  more 
abundant  in  the  muscle  of  beef  than  in  that  of  veal,  we  may 
infer,  that  the  earthy  matter  is  more  abundant  in  the  coarse  and 
rigid  fibre  of  adult  and  aged  animals,  than  in  the  tender  fibre 
of  those  which  are  young ;  and  this  seems  to  be  corroborated, 
by  the  tendency  to  morbid  ossification,  so  frequently  observed 
in  aged  individuals  of  the  human  species. 

Gelatin,  albumen,  and  muscular  fibre,  not  only  differ  very 
much  from  each  other  by  the  relative  quantity  of  their  saline 
or  earthy  residua,  but  also  by  the  proportion  of  one  of  their 
essential  and  elementary  principles,  namely,  carbon.  500  grains 
of  isinglass,  made  perfectly  dry  by  distillation,  yielded  56  grains 
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of  coal,  from  which,  1,50  grains  of  earthy  residuum,  obtained 
by  incineration,  being  deducted,  the  proportion  of  coal  appears 
to  have  been  54,50  grains. 

500  grains  of  dry  albumen,  afforded  74,50  grains ;  and,  as 
the  saline  residuum  amounted  to  11,25  grains,  the  quantity  of 
mere  coal  was  63,25  grains. 

500  grains  of  tortoise-shell,  yielded  80  grains  of  coal ;  from 
which,  3  grains  of  earthy  matter  being  deducted,  77  grains 
remain,  for  the  proportion  of  coal. 

And  500  grains  of  the  dry  prepared  muscular  fibre  of  beef, 
when  distilled,  left  108  grains  of  coal,  which,  by  incineration, 
afforded  25,60  grains  of  earthy  residuum  ;  the  coal  may  there- 
fore be  estimated  at  82,40  grams . 

There  appears  much  reason  therefore  to  believe,  that  the 
gelatinous  substances  and  muscular  fibre,  differ  from  simple 
and  unorganized  albumen,  by  a  diminution  of  the  carbonic  prin- 
ciple in  the  one,  and  by  an  excess  of  it  in  the  other;  and  as, 
in  vegetables,  the  fibrous  part  is  that  which  contains  the  largest 
proportion  of  carbon,  so,  in  respect  to  the  other  animal  sub- 
stances, muscular  fibre  appears  to  contain  the  greatest  quantity 
of  it. 

The  nature  of  the  residua  obtained  by  the  incineration  of  the 
substances  lately  mentioned,  also  deserves  to  be  noticed. 

Only  1,50  grain  was  obtained  from  500  grains  of  isinglass ; 
and,  as  far  as  the  quantity  would  allow,  was  proved  to  be 
phosphate  of  soda,  mixed  with  a  very  minute  proportion  of 
phosphate  of  lime.  * 

The  3  grains  afforded  by  tortoise-shell,  consisted  of  phos- 
phate of  soda  and  of  lime,  with  some  traces  of  iron :  it  is 
probable,  that  the  latter  was  accidentally  present. 
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The  prepared  muscular  fibre  of  beef  yielded  25,60  grains ;  the 
greatest  part  of  which  was  carbonate  of  lime,  mixed  with  some 
pure  lime,  and  a  small  portion  of  phosphate :  there  can  be  no 
doubt  but  that  the  latter  would  have  been  more  abundant,  had 
it  not  been  for  the  repeated  boilings  to  which  the  muscular 
fibre  had  been  subjected. 

The  recent  muscles  of  veal  and  mutton  were  with  great  dif- 
ficulty reduced  to  ashes ;  for,  towards  the  end  of  the  process, 
the  ashes  and  remaining  coal  became  coated  and  glazed  with 
saline  matter,  which  appeared  to  be  soda,  partly  in  the  state  of 
phosphate;  and  it  is  not  a  little  remarkable,  that  the  11,25 
grains  obtained  from  albumen,  consisted  principally  of  soda, 
in  a  caustic  state,  (by  reason  of  the  long  continued  heat,)  mixed 
with  a  small  quantity  of  phosphate  of  soda,  and  a  very  minute 
portion  of  phosphate  of  lime. 

Pure  albumen,  therefore,  which  has  not  been  subjected  to 
the  effects  of  organization,  appears  to  contain  a  considerable 
portion  of  saline  matter,  and  very  little  of  any  earthy  sub- 
stance; but  the  contrary  seems  to  happen,  in  bodies  which 
(although  evidently  derived  from  albumen)  have  suffered  various 
changes  by  the  action  of  the  vital  principle;  which  may  be 
considered  as  the  cause  of  organization,  by  which  these  bodies 
are  differently  modified,  according  to  the  nature  of  the  parts  of 
animals  which,  singly  or  conjointly,  they  are  employed  to  form. 
In  these  bodies,  the  quantity  of  the  saline  substances  appears 
to  be  diminished,  while  that  of  the  earthy  matter  is  increased, 
especially  in  the  coarser  kinds  of  muscular  fibre. 

Upon  a  comparison  of  the  chemical  properties  of  the  sub- 
stance which  remains,  after  the  separation  of  gelatin  from  the 
great  variety  of  animal  substances  which  have  been  so  often 
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mentioned  in  the  course  of  this  paper,  and  which  need  not 
therefore  now  be  repeated,  there  can  scarcely  be  any  doubt  but 
that  it  is  one  and  the  same  substance,  in  different  states  of  den- 
sity and  texture. 

For  the  similarity  of  its  nature  was  proved  by, 
1st.  The  effects  of  fire,  and  the  products  obtained  by  distil- 
lation. 

2dly.  Its  very  difficult  solubility  by  long  digestion  in  boil- 
ing water. 

gdly.  The  effects  produced  by  re-agents,  on  the  water  in 
which  bodies  like  inspissated  albumen  or  tortoise-shell  had  been 
boiled. 

4thly.  The  effects  of  acids,  (particularly  nitric  acid,)  of  am- 
moniac, and  of  caustic  lixivium  of  potash. 

5thly.  The  animal  soap  which  was  formed ;  and  the  pre- 
cipitate obtained  from  it,  by  the  addition  of  acetous  or  muriatic 
acid.*  And, 

6thly.  The  difficulty  attending  the  putrefaction  of  the  sub- 
stance in  question,  when  pure  and  dense. 

The  similarity  in  all  these  properties,  appears  to  me  a  full 
proof,  that  it  is  the  same  substance  which  constitutes  the  prin- 
cipal part  of  membrane,  sponge,  hom,  hair,  &c.  and  even  of 
muscular  fibre. 

Moreover,  upon  comparing  the  properties  of  this  substance 
with  those  of  pure  albumen  in  a  state  of  inspissation,  so  evident 
a  resemblance  in  every  respect  is  discovered,  that  few  I  believe 
will  hesitate  to  pronounce  albumen  to  be  the  original  substance 
from  which  tortoise-shell,  hair,  horn,  muscular  fibre,  &c.  have 
been  derived  and  formed. 

•  This  appears  to  be  a  strong  marked  character  of  the  albuminous  substances. 
MDCCC  3  F 
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There  is  also  much  reason  to  believe  that  gelatin,  although  it 
appears  so  different  in  many  respects  from  albumen,  is  yet 
formed  from  it  * 

It  may  be  recollected,  that  in  a  former  part  of  this  paper 
mention  was  made,  that  tortoise-shell,  horn,  muscular  fibre,  and 
inspissated  albumen,  after  long  immersion  in  very  dilute  nitric 
acid,  and  after  being  well  washed,  were  soluble  in  boiling  water; 
and  that  a  substance  was  formed,  which  (by  becoming  liquefied 
when  heated,  by  being  soluble  in  boiling  water,  by  being  preci- 
pitated by  the  tanning  principle  and  by  nitro-muriate  of  tin,  and 
lastly,  by  forming  a  gelatinous  mass  when  the  aqueous  solution 

*  In  addition  to  the  chemical  properties  by  which  gelatin  and  albumen  are  dis- 
tinguished, particularly  the  different  effects  observed  when  these  two  substances  were 
treated  with  nitric  acid,  I  shall  mention  some  others,  not  less  remarkable,  which  are 
produced  by  the  muriatic  acid. 

When  any  of  the  varieties  of  gelatin,  such  as  glue,  isinglass,  fife,  are  immersed  in 
cold  muriatic  acid,  they  are  dissolved  in  a  few  hours ;  and  the  solutions  thus  formed 
suffer  no  apparent  change,  even  in  the  course  of  several  months.  In  like  manner, 
gelatin  may  be  separated  and  dissolved  from  bodies  which  contain  it,  such  as  sponge, 
bladder,  skin,  and  muscle  ;  but  the  part  which  remains  undissolved,  and  which,  with 
the  other  substances  formerly  mentioned,  I  regard  as  formed  of  albumen  more  or  less 
organized,  is  very  differently  affected ;  for,  when  coagulated  albumen,  the  undissolved 
part  of  bladder,  muscular  fibre,  feather,  quill,  tortoise-shell,  wool,  and  hair,  were 
separately  steeped  in  muriatic  acid,  they  gradually  became  of  a  dark  colour,  and  the 
acid  was  tinged  with  the  same.  The  colour  afforded  by  albumen  was  deep  blue, 
inclining  to  purple ;  that  of  bladder  was  brownish  purple;  feather,  quill,  tortoise-shell, 
and  muscular  fibre,  afforded  a  beautiful  deep  blue  ;  and  wool  and  hair,  like  bladder, 
produced  a  brownish  purple.  The  change  began  to  take  place  in  the  coagulated 
albumen  in  about  eight  or  ten  days ;  but  wool  and  hair  were  the  last  which  were  affected. 
In  about  three  months,  the  different  liquids  were  become  very  dark,  although  scarcely 
any  perceptible  quantity  of  the  immersed  substances  appeared  to  be  dissolved.  Nitric 
acid,  in  a  small  proportion,  changed  these  blue  and  brownish  purple  liquors  to  deep 
yellow  ;  and  ammoniac,  being  then  added,  changed  them  to  orange  colour,  and  pro- 
duced all  those  effects  which  were  observed,  when  the  nitric  solutions  of  these 
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was  sufficiently  evaporated  and  cooled,)  approached  and  re- 
sembled gelatin. 

It  would  be  perhaps  too  hasty  to  assert,  that  gelatin  was  thus 
absolutely  formed ;  but,  if  a  substance  so  very  similar  to  it 
could  be  thus  produced,  we  may  with  some  reason  conclude, 
that  the  real  gelatin,  with  its  various  modifications,  is  formed 
from  albumen,  by  the  more  efficacious  and  delicate  operations  of 
nature. 

In  attempting  to  prove  that  albumen  or  the  coagulating  lymph 
is  the  original  animal  substance,  I  have  hitherto  only  stated 
chemical  facts  ;  but,  when  the  phaenomena  attending  incubation 
are  considered;  when  the  experiments  made  by  eminent  physio- 
logists, such  as  Haller,  Maitre  Jean,  and  Malpighi,  are 
viewed ;  when  the  oviparous  foetus  is  seen  to  be  progressively 
formed  in  and  from  the  albumen  of  the  egg,  so  that,  upon  the 
bursting  of  the  shell  which  separated  it  from  external  matter, 
the  young  animal  comes  forth  complete  in  all  its  parts ;  when 
such  strong  facts  as  these  are  corroborated  by  those  afforded 
by  chemistry,  it  can  scarcely  be  doubted  that  albumen  is  the 
primary  animal  substance,  from  which  the  others  are  derived*; 
and  there  is  much  cause  to  believe  that  the  formation  of  gelatin, 
and  of  the  animal  fibre  especially,  begins  with  the  process  of 
sanguification  in  the  foetus. 

As  the  three  principal  and  essential  component  parts  of  the 
blood,  viz.  albumen,  gelatin,  and  fibre,*  appear  therefore  to 

•  The  whole  of  the  blood,  which  by  anatomists  is  divided  into  serum,  red  globules, 
and  coagulating  lymph,  when  chemically  examined,  is  found  to  consist  of  albumen, 
gelatin,  and  fibre.  The  serum  which  remains  liquid  after  the  coagulation  of  the  blood, 
is  composed  of  albumen,  gelatin,  some  saline  matter,  and  much  water. 

The  clot  or  crassamentum  also  affords,  by  repeated  washing,  a  Urge  proportion  of 
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compose  the  various  parts  of  animals,  in  such  a  manner  that 
one  (being  predominant)  influences  the  nature  of  that  part  of 
the  animal  which  it  is  principally  employed  to  form ;  and  as 
albumen,  gelatin,  and  fibre,  by  relative  proportion,  by  the  de- 
grees of  density,  by  the  effects  of  organization  which  singly  or 
conjointly  they  have  experienced,  by  the  texture  of  the  animal 
substance  which  they,  as  materials  and  thus  modified,  have 
concurred  to  produce,  and  by  the  proportion  of  natural  or 
inherent  moisture  peculiar  to  each  part  of  different  animals, 
present  an  immense  series  of  complicated  causes,  so  are  the 
effects  found  to  be  no  less  numerous  and  diversified,  by  the 
infinite  variety  in  texture,  flexibility,  elasticity,  and  the  many 
other  properties  peculiar  to  the  various  parts  which  compose  the 
bodies  of  animals. 

albumen  and  gelatin ;  after  which,  a  substance  remains,  in  appearance  very  analogous 
to  muscular  fibre,  excepting  that  it  is  in  a  more  attenuated  state.  This  substance 
(called  fibrin  by  chemists)  may  be  regarded  as  that  part  of  the  blood  which  has 
undergone  the  most  complete  animalization ;  and  from  which  the  muscular  fibre  and 
other  organs  of  the  body  are  formed. 
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XVII.  On  the  Electricity  excited  by  the  mere  Contact  oj  conduct- 
ing Substances  of  different  kinds.  In  a  Letter  from  Mr. 
Alexander  Volta,  F.  R.  S.  Professor  of  Natural  Philosophy  in 
the  University  of  Pavia,  to  the  Rt.  Hon.  Sir  Joseph  Banks, 
Bart.  K.  JB.  P.  R.  S. 

Read  June  26, 1800. 

* 

A  Come  en  Milanois,  ce  2ome  Mars,  1800* 

Apres  un  long  silence,  dont  je  ne  chercherai  pas  a  m'excuser> 
j'ai  le  plaisir  de  vous  communiquer,  Monsieur,  et  par  votre 
moyen  a  la  Soci6t6  Royale,  quelques  resultats  frappants  aux- 
quels  je  suis  arrive,  en  poursuivant  mes  experiences  sur  l'elec- 
tricit£  excise  par  le  simple  contact  mutuel  des  metoux  de  diffe- 
rente  espece,  et  m6me  par  celui  des  autres  conducteurs,  aussi 
differents  entr'eux,  soit  liquides,  soit  contenant  quelque  humeur, 
k  laquelle  ils  doivent  proprement  leur  pouvoir  conducteur.  Le 
principal  de  ces  resultats,  et  qui  comprend  a-peu-pres  tous  les 
autres,  est  la  construction  d'un  appareil  qui  ressemble  pour  les 
eflfets,  c'est-a-dire,  pour  les  commotions  qu'il  est  capable  de  faire 
eprouver  dans  les  bras,  &c.  aux  bouteilles  de  Leyde,  et-  mieux 
encore  aux  batteries  electriques  foiblement  chargees,  qui  agiroient 
cependant  sans  cesse,  ou  dont  la  charge,  apres  chaque  explosion^ 
se  r^tabliroit  d'elle-mdme ;  qui  jouiroit,  en  un  mot,  d'une  charge 
indefectible,  d'une  action  sur  le  fluide  eJectrique,  ou  impulsion, 
perpeUielle;  mais  qui  d'ailleurs  en  differe  essentiellement,  et 


Digitized  by  Google 


404,     Mr.  Volta  on  the  Electricity  excited  by  the  Contact 

■ 

par  cette  action  continuelle  qui  lui  est  propre,  et  parcequ'au  lieu 
de  consister,  commes  les  bouteilles  et  batteries  electriques  ordi- 
naires,  en  une  ou  plusieurs  lames  isolantes,  en  couches  minces 
de  ces  corps  censes  etre  les  seuls  Mectriquesy  armees  de  conduc- 
teurs  ou  corps  ainsi  dit  non-ilectriques,  ce  nouvel  appareil  est 
forme*  uniquement  de  plusieurs  de  ces  derniers  corps,  choisis 
meme  erttre  les  meilleurs  conducteurs,  et  par  la  les  plus  eloignes, 
suivant  ce  qu'on  a  toiijours  cru,  de  la  nature  electrique.  Oui, 
Tappareif  dont  je  vous  parle,  et  qui  vous  etonnera  sans  doute, 
n'est  que  l'assemblage  <Kun  nombre  de  bons  conducteurs  de 
•differente  espece,  arranges  d'une  certaine  maniere.  30,  40,  60 
pieces,  ou  d'avantage,  de  cuivre,  ou  mieux  d'argent,  appliquees 
chacune  a  une  piece  d'etain,  ou,  ce  qui  est  beaucoup  mieux,  de 
zinc,  et  un  nombre  egal  de  couches  d'eau,  ou  de  quelque  autre 
humeur  qui  soit  meilleur  conducteur  que  l'eau  simple,  comme 
1'eau  salde,  la  lessive,  &c.  ou  des  morceaux  de  carton,  de  peau, 
&c.  bien  imbibes  de  ces  humeurs ;  de  teiles  couches  interposees 
a  chaque  couple  ou  combinaison  des  deux  me"taux  diffdrents,  une 
telle  suite  alternative,  et  toujours  dans  le  m£me  ordre,  de  ces 
trois  especes  de  conducteurs,  voila  tout  ce  qui  constitue  mon 
nouvel  instrument ;  qui  imite,  comme  j'ai  dit,  les  effets  des  bou- 
teilles de  Leyde,  ou  des  batteries  electriques,  en  donnant  les 
me'mes  commotions  que  celles-ci ;  qui,  a  la  verity,  reste  beaucoup 
au-dessous  de  l'activite  des  dites  batteries  chargees  a  un  haut 
point,  quant  a  la  force  et  au  bruit  des  explosions,  a  l'dtincelle, 
a  la  distance  a  laquelle  peut  s'operer  ia  ddcharge,  &c.  egalant 
seulement  les  effets  d'une  batterie  chargee  a  un  degre  tres- 
foible,  d'une  batterie  pourtant  ayant  une  capacity  immense; 
mais  qui  d'aiileurs  surpasse  infiniment  la  vertu  et  le  pouvoir  de 
ces  memes  batteries,  en  ce  qu'ii  n'a  pas  besoin,  comme  dies, 
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d'dtre  change^  d'avance,  au  moyen  d'une  Electricite"  Etrangere;  et 
en  ce  qu'il  est  capable  de  donner  la  commotion,  toutes  les  fois 
qu'on  le  touche  convenablement,  quelques  frequents  que  soient 
ces  attouchements. 

Cet  appareil,  semblable  dans  le  fond,  comme  je  ferai  voir,  et 
me1  me  tel  que  je  viens  de  le  cons tru  i  re,  pour  la  forme,  a  Yorgane 
tlectrique  naturel  de  la  torpille;  de  l'anguille  tremblante,  &c.  bien 
plus  qu'a  la  bouteille  de  Leyde,et  aux  batteries  Electriques  con- 
nues,  je  voudrois  l'appeller  Or  gone  electrique  art  if  del.  Et  au  vrai 
n'est-il  pas,  comme  celui-la,  compose  uniquement  de  corps  con- 
ductors ?  n'est-il  pas  au  surplus  actif  par  lui-mdme,  sans  au- 
cune  charge  pr£c6dente,  sans  le  seoours  d'une  Electricite*  quel- 
conque  excitEe  par  aucun  des  moyens  connus  jusqu'ici ;  agissant 
sans  cesse,  et  sans  rel£che;  capable  enfin  de  donner  a  tout  * 
moment  des  commotions  plus  ou  moins  fortes,  selon  les  circon- 
stances,  des  commotions  qui  redoublent  a  chaque  attouchement,, 
et  qui,  repe^es  ainsi  avec  frequence,  ou  continues  pour  un  cer- 
tain terns,  produisent  ce  m£me  engourdissement  des  raembres 
que  fait  Eprouver  la  torpille,  &c.  ? 

Je  vais  vous  donner  ici  une  description  plus  dEtaillEe  de  cet 
appareil,  et  de  quelques  autres  analogues,  aussi  bien  que  des 
experiences  relatives  les  plus  remarquables. 

Je  me  fournis  de  quelques  douzaines  de  petites  plaques  rondes 
ou  disques,  de  cuivre,  de  laiton,  ou  mieux  d'argent,  d'un  pouce 
de  diamEtre,  plus  ou  moins,  (par  exemple,  de  monnoyes,)  et  d'un 
nombre  egal  de  plaques  detain,  ou,  ce  qui  est  beaucoup  mieux,  de 
zinc,  de  la  mdme  figure  et  grandeur,  a-peu-pres  ;  je  dis  a-peu- 
pres,  parcequ'une  precision  n'est  point  requise,  et,  en  gEnEral, 
la  grandeur,  aussi  bien  que  la  figure,  des  pieces  me* talliques,  est 
arbitraire:  on  doit  avoir  egard  seulement  qu'on  puisse  les 
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arranger  commode ment  les  lines  sur  les  autres,  en  forme  de  co- 
lonne.  Je  prepare  en  outre,  un  nombre  assez  grand  de  rouclles 
de  carton,  de  peau,  ou  de  quelque  autre  matiere  spongieuse, 
capable  d'imbiber  et  de  retenir  beaucoup  de  l'eau,  ou  de  l'hu- 
meur  dont  il  faudra,  pour  le  succes  des  experiences,  qu'elles 
soient  bien  tremp^es.  Ces  tranches  ou  rouelles,  que  j'appellerai 
disques  mouilles,  je  les  fais  un  peu  plus  petites  que  les  disques 
ou  plateaux  m£talliques,  afin  qu'interpos^es  a  ceux,  de  la  ma- 
nure que  je  dirai  tant6t,  ils  n'en  d^bordent  pas. 

Ayant  sous  ma  main  toutes  ces  pieces,  en  bon  &at,  c'est-a- 
dire,  les  disques  metalliques  bien  propres  et  sees,  et  les  autres 
non-m£talliques  bien  imbibes  d'eau  simple,  ou,  ce  qui  est  beau- 
coup  mieux,  d'eau  salee,  et  essuyes  ensuite  legerement,  pour 
que  l'humeur  n'en  d^goutte  pas,  je  n'ai  plus  qu'a  les  arranger 
eomme  il  convient ;  et  cet  arrangement  est  simple  et  facile, 

Je  pose  done  liorizontalement  sur  une  table  ou  base  quel- 
conque,  un  des  plateaux  metalliques,  par  exemple,  un  d'argent, 
et  sur  ce  premier  j'en  adapte  un  second  de  zinc ;  sur  ce  second 
je  couche  un  des  disques  mouilles  ;  puis  un  autre  plateau  d'ar- 
gent,  suivi  imm^diatement  d'un  autre  de  zinc,  auquelje  fais 
succ^der  encore  un  disque  mouille\  Je  continue  ainsi,  de  la 
m6me  facon,  accouplant  un  plateau  d'argent  avec  un  de  zinc, 
et  toujours  dans  le  m6me  sens,  e'est-a-dire,  toujours  l'argent 
dessous  et  le  zinc  dessus,  ou  vice  versa,  selon  que  j'ai  commence^ 
et  interposant  a  chacun  de  ces  couples,  un  disque  mouill6 ;  je 
continue,  dis-je,  a  former,  de  plusieurs  de  ces  Stages,  une  colonne 
aussi  haute  qu'elle  peut  se  soutenir  sans  s'ecrouler. 

Or,  si  elle  parvient  a  contenir  environ  20  de  ces  Stages  ou 
couples  de  mdtaux,  elle  sera  deja  capable,  non  seulement  de 
faire  donner  des  signes  a  l'electrometre  de  Cavallo,  aid6  du 
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condensateur,  au-dela  de  10  ou  15  degres,  de  charger  ce  con- 
densateur  par  un  simple  attouchement,  au  point  de  lui  faire 
donner  une  euncelle,  &c.  mais  aussi  de  frapper  les  doigts  avec 
lesquels  on  vient  toucher  ses  deux  extremites,  (la  te"te  et  le  pied 
d'une  telle  colonne, )  d'un  ou  de  plusieurs  petits  coups,  et  plus  ou 
moins  frequents,  selon  qu'on  r&tere  ces  contacts ;  chacun  des- 
quels  coups  ressemble  parfaitement  a  cette  legere  commotion 
que  fait  eprouver  une  bouteille  de  Leyde  foiblement  chargee,  ou 
une  batterie  chargee  beaucoup  plus  foiblement  encore,  ou  enfin 
une  torpille  extrdmement  languissante,  qui  imite  encore  mieux 
les  effets  de  mon  appareil,  par  la  suite  des  coups  rentes  qu'elle 
peut  donner  sans  cesse. 

Pourobtenirde  telles  legeres  commotions  de  cet  appareil  que 
je  viens  de  decrire,  et  qui  est  encore  trop  petit  pour  de  grands 
effets,  il  est  necessaire  que  les  doigts  avec  lesquels  on  veut 
toucher  ses  deux  extremites  en  m£me  tems,  soient  humect£s 
d'eau,  au  point  que  la  peau,  qui  autrement  n'est  pas  un  assez  bon 
conducteur,  se  trouve  bien  tremp£e.  Encore,  pour  reussir  plus 
surement,  et  recevoir  des  commotions  considerablement  plus 
fortes,  faut-il  faire  communiquer,  par  le  moyen  d'une  lame  suf- 
fisamment  large,  ou  d'un  gros  fil  metallique,  le  pied  de  la 
colonne,  c'est-a-dire,  le  plateau  du  fond,  avec  Teau  d'un  bassin 
ou  coupe  assez  grande,  dans  laquelle  on  tiendra  plong^  un  doigt, 
deux,  trois,  ou  toute  la  main,  tandis  qu'on  ira  toucher  la  tete 
ou  extr6mit6  supeneure,  (le  dernier  ou  un  des  derniers  plateaux 
de  cette  colonne, )  avec  l'extr^mit^  nette  d'une  lame  aussi  metal- 
lique, empoignee  par  l'autre  main,  qui  doit  etre  bien  humide, 
et  embrasser  une  large  surface  de  cette  lame, et  la  serrer  forte- 
ment.  En  proc^dant  de  cette  maniere,  je  puis  deja  obtenir 
un  petit  picotementi  ou  legere  commotion,  dans  une  ou  deux 
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articulations  d'un  doigt  plong£  dans  l'eau  du  bassin,  en  touchant, 
avec  la  lame  empoign^e  dans  l'autre  main,  la  quatrieme,  ou 
me'me  la  troisieme  paire  de  plateaux ;  touchant  ensuite  la 
cinquieme,  la  sixieme,  et  de  proche  en  proche  les  autres,  jusqu' 
au  dernier  plateau,  qui  fait  la  t£te  de  la  colonne,  il  est  curieux 
d'^prouver  comment  les  commotions  augmentent  graduellement 
en  force.  Or,  cette  force  est  telle,  que  je  parviens  a  recevoir  d'une 
telle  colonne,  form^ede  so  paires  de  plateaux,  (pas  davantage,) 
des  commotions  qui  prennent  tout  le  doigt,  et  l'affectent  me'me 
assez  douloureusement,  s'il  est  plonge"  seul  dans  l'eau  du  bassin ; 
qui  s'e*tendent  (sans  douleur)  jusqu'au  poignet,  et  m6me  jusqu' 
au  coude,  si  la  main  est  plongee  en  grande  partie,  ou  entiere- 
ment,  et  se  font  sentir  encore  au  poignet  de  l'autre  main. 

Je  suppose  toujours  qu'on  ait  pratique*  toutes  les  attentions 
ne"cessaires  dans  la  construction  de  la  colonne,  que  chacune  des 
paires  ou  couples  de  m&aux,  resultant  d'une  plaque  d'argent 
applique'e  a  une  de  zinc,  se  trouve  en  communication  avec  la 
couple  suivante,  par  une  couche  suffisante  d'humeur,  qui  soit  de 
l'eau  salee,  plut6t  que  de  l'eau  pure,  ou  par  un  disque  de  carton, 
de  peau,  ou  autre  chose  semblable,bien  imbibe*e  decette  eau  salee ; 
lequel  disque  ne  soit  pas  trop  petit,  et  dont  les  surfaces  soient 
bien  collies  aux  surfaces  des  plateaux  m6talliques,  entre  lesquels 
il  se  trouve  interpose.  Cette  application  exacte  et  Vendue  des 
disques  mouilles,  est  tres-importante ;  au  lieu  que  les  plateaux 
m^talliques  de  chaque  paire,  peuvent  ne  se  toucher  entr'eux  qu'en 
peu  de  points,  pourvu  seulement  que  leur  contact  soit  imm^diat. 

Tout  cela  fait  voir  (pour  le  dire  ici  en  passant)  que  si  le  con- 
tact des  m6taux  entr'eux  en  quelques  points  seulement  sutfit 
(6tant  tous  d'excellents  conducteurs)  pour  donner  libre  passage 
a  un  courant  electrique  mddiocreraent  fort,  il  n'en  est  pas  de 
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m£ me  pour  les  liquides,  ou  pour  les  corps  imbibes  d'humeur,  qui 
sont  des  conducteurs  beaucoup  moins  parfaits,  et  qui,  par  conse- 
quent, ont  besoin  d'un  ample  contact  avec  les  conducteurs  m6- 
talliques,  et  plus  encore  entr'eux,  pour  que  le  fluide  electrique 
puisse  passer  avec  assez  de  facility,  et  pour  qu'il  ne  soit  pas  trop 
retarde"  dans  son  cours,  sur-tout  lorsqu'il  est  mu  avec  tres-peu 
de  force,  comme  dans  notre  cas. 

Au  reste,  les  effets  de  mon  appareil  (les  commotions  qu'on 
dprouve)  sont  consid^rablement  plus  sensibles,  a  mesure  que  la 
temperature  de  1'air  ambient,  ou  celle  de  I'eau,  ou  des  disques 
mouiltes  qui  entrent  dans  la  composition  de  la  colonne,  et  de 
l'eau  m£me  du  bassin,  est  plus  chaude;  la  chaleur  rendant  l'eau 
plus  conductrice.  Mais,  ce  qui  la  rend  beaucoup  meilleure  encore, 
ce  sont  presque  tous  les  sels,  et  notamment  le  sel  commun.  Voila 
une  des  raisons,  sinon  la  seule,  pourquoi  il  est  si  avantageux  que 
l'eau  du  bassin,  et  sur-tout  celle  interposee  a  chaque  paire  de 
plateaux  m£talliques,  l'eau  dont  sont  imbibes  les  disques  de  car- 
ton, &c.  so'rt  de  l'eau  sale*,  comme  j'ai  deja  fait  remarquer. 

Mais  tous  ces  moyens,  et  toutes  ces  attentions,  enfin,  n'ont 
qu'un  avantage  limits,  et  ne  feront  jamais  qu'on  puisse  obtenir 
des  commotions  bien  fortes,  tant  que  1'appareil  ne  consistera 
qu'en  une  seule  colonne  formed  de  20  paires  seulement  de 
plateaux,  quoiqu'ils  soient  des  deux  meilleurs  m&aux  pour  ces 
experiences,  scavoir,  d'argent  et  de  zinc ;  car,  s'ils  etoient  d'ar- 
gent  et  de  plomb,  ou  d'etain,  ou  de  cuivre  et  d'etain,  on  n'obtien- 
droit  pas  la  moitte  de  l'effet,  a  moins  qu'un  nombre  beaucoup 
plus  grand  ne  suppledt  a  la  moindre  force  de  chaque  paire.  Or 
done,  ce  qui  augmente  reellement  la  puissance  electrique  de 
cet  appareil,  et  la  peut  porter  au  degr£  d'egaler,  et  de  surpasser 
encore,  celle  de  la  torpille  et  de  l'anguille  tremblante,  e'est  le 
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nombre  des  plateaux,  arranges  de  la  maniere,  et  avec  les 
attentions,  que  j'ai  explique\  Si,  aux  20  paires  decrites  ci-dessus, 
on  en  ajoute  20  ou  30  autres,  disposees  dans  le  meme  ordre,  les 
commotions  que  pourra  donner  la  colonne  ainsi  prolongee,  (je 
dirai  tantdt  comment  on  peut  la  soutenir,  pour  qu'elle  ne  s'6- 
croule  pas,  ou,  ce  qui  est  mieux,  la  partager  en  deux  ou  plusieurs 
colonnes,)  seront  deja  beaucoup  plus  fortes,  et  s'£tendront  dans 
les  deux  bras  jusqu'a  l'«§paule,  sur-tout  dans  celui  dont  la  main 
est  plongee  dans  l'eau ;  laquelle  main,  avec  le  bras  entier,  en  res- 
tera  plus  ou  moins  engourdie,  si,  en  reite>ant  les  attouchements 
avec  frequence,  on  fait  succ^der  ces  commotions  l'une  a  l'autre 
rapidement,  et  sans  reldche.  Cela,  en  plongeant  toute,  ou 
presque  toute,  la  main  dans  l'eau  du  bassin;  mais,  si  on  ne 
plonge  qu'un  doigt  seul,  en  tout  ou  en  partie,  les  commotions 
concentrees  presque  dans  lui  seul,  en  seront  d'autant  plus  dou- 
loureuses,  et  si  cuisantes  qu'elles  deviendront  insupportables. 

On  s'attend  bien  que  cette  colonne,  formee  de  40  ou  50 
couples  dc  met  aux,  qui  donne  des  commotions  plus  que  m6diocres 
aux  deux  bras  d'une  personne,  pourra  en  donner  encore  de  sen- 
sibles  a  plusieurs,  qui,  se  tenant  par  leurs  mains,  (suffisamment 
humides,)  forment  une  chaine  non  interrompue. 

Revenant  a  la  construction  mecanique  de  mon  appareil,  qui 
est  susceptible  de  plusieurs  variations,  je  vais  d^crire  ici,  non  pas 
toutes  celles  que  j'ai  imaginees  et  ex^cutees,  soit  en  grand,  soit 
en  petit,  mais  quelques  unes  seulement,  qui  sont  ou  plus  cu- 
rieuses,  ou  plus  utiles;  qui  presentent  quelqu'  avantage  reel, 
comme  d'etre  d'une  execution  plus  facile,  ou  plus  exp^ditive, 
d'etre  plus  immanquables  dans  leurs  effets,  ou  plus  long-tems 
conservables  en  bon  etat. 

Et  pour  commencer  par  une,  qui,  r^unissant  a-peu-pres  tous 
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ces  avantages,  differe  le  plus,  quant  a  sa  figure,  de  Vappareil  a 
colonne  decrit  ci-dessus,  mais  qui  a  le  desavantage  d'etre  une 
machine  beaucoup  plus  volumineuse ;  je  vous  presente  ce  nouvel 
appareil,  que  j'appellerai  d  couronne  de  tosses,  dans  la  figure  ci- 
jointe.  (PI.  XVII.  Fig.  1.) 

On  dispose  done  une  rangee  de  plusieurs  tasses  ou  coupes, 
de  quelque  matiere  que  ce  soit,  exceptes  les  ra£taux,  de  tasses 
de  bois,  d'ecaille,  de  terre,ou  mieux  decristal,  (des  petits  verres 
a  boire  ou  gobelets,  sont  les  plus  a-propos,)  a  demi  pleines 
d'eau  pure,  ou  mieux  d'eau  salee,  ou  de  lessive ;  et  on  les  fait 
communiquer  toutes,  on  en  forme  une  espece  de  chaine/par  le 
moyen  d'autant  d'arcs  metalliques,  dont  un  bras  A  a,  ou  seule- 
ment  l'extremite  A,  qui  plonge  dans  un  des  gobelets,  est  de 
cuivre  rouge,  ou  jaune,  ou  mieux  de  cuivre  argent^,  et  Tautre  2, 
qui  plonge  dans  le  gobelet  suivant,  est  detain,  ou  mieux  de 
zinc.  J'observerai  ici,  en  passant,  que  la  lessive  et  les  autres 
liqueurs  alcalines  sont  preTerables,  lorsqu*  un  des  m6taux  qui 
doivent  plonger,  est  retain;  l'eau  salee  est  preferable,  lorsque 
e'est  le  zinc.  Les  deux  metaux  dont  chaque  arc  se  compose, 
sont  soud^s  ensemble,  dans  quelque  endroit  que  ce  soit,  au-des- 
sus  de  la  partic  qui  plonge  dans  le  liquide,  et  qui  doit  le  toucher 
par  une  surface  suffisamment  large :  il  est  pour  cela  convenable, 
que  cette  partie  soit  une  lame  d'un  pouce  quarre,  ou  tres-peu 
moins ;  le  reste  de  Tare  peut  dtre  plus  etroit  tant  qu'on  veut,  et 
m&ne  un  simple  fil  melallique.  II  peut  aussi  £tre  d'un  troisieme 
metal,  different  des  deux  qui  plongent  dans  le  liquide  des  gobe- 
lets ;  puisque  Taction  sur  le  fluide  electrique,  qui  resulte  de  tous 
les  contacts  de  plusieurs  mdtaux  qui  se  succedent  imm£diate- 
ment,  la  force  avec  laquelle  ce  fluide  se  trouve  pouss6  a  la  fin, 
est  la  m£me  absolument,  ou  a-peu-pres,  que  celle  qu'il  auroit 
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recu  par  le  contact  immediat  du  premier  metal  avec  le  dernier, 
sans  aucun  des  m^taux  intermediates,  comme  j'ai  verifie"  par  des 
experiences  directes,  dont  j'aurai  occasion  de  parler  ailleurs. 

Or  done,  une  suite  de  30,  40,  60,  de  ces  gobelets,  enchaines 
de  cette  maniere,  et  ranges,  soit  dans  une  ligne  droite,  soit  dans 
une  courbe,  ou  replied  de  toutes  les  manieres,  forme  tout  ce 
nouvel  appareil;  qui  dans  le  fond,  et  en  substance,  est  le  m£me 
que  l'autre  a  colonne,  de"crit  plus  haut;  l'essentiel,  qui  consiste 
dans  la  communication  immediate  des  m&aux  diflferents  qui 
forment  chaque  couple,  et  mediate  d'une  couple  avec  l'autre, 
savoir,  par  rinterm&Ie  d'un  conducteur  humide,  ayant  lieu  pour 
Tun,  aussi  bien  que  pour  l'autre  de  ces  a  p  pa  roils. 

Quant  a  la  maniere  de  mettre  celui  a  gobelets  a  I'^preuve,  et 
quant  aux  differentes  experiences  auxquelles  il  peut  servir,  je 
n'ai  pas  besoin  d'en  dire  beaucoup,  apres  ce  que  j'ai  fait  observer, 
et  explique  amplement,  au  sujet  de  l'autre  a  colonne.  On  com- 
prendra  aisement*  que  pour  avoir  la  commotion,  il  suffit  de 
plonger  une  main  dans  un  des  gobelets,  et  un  doigt  de  l'autre 
main  dans  un  autre  gobelet,  assez  eloigne*  de  celui-la;  que 
cette  commotion  sera  d'autant  plus  forte  que  ces  deux  vases 
seront  plus  eloigned  Tun  de  l'autre,  e'est-a-dire,  qu'il  y  en  aura 
un  plus  grand  nombre  d'interm&iiaires ;  que,  par  consequent,  on 
aura  la  plus  forte,  en  touchant  le  premier  et  le  dernier  de  la 
chaine.   On  comprendra  aussi  comment,  et  pourquoi,  les  expe- 
riences reussiront  beaucoup  mieux,  en  em  poignant,  et  serrant, 
dans  une  main  bien  humectee,  une  lame  m^tallique  assez  large, 
(afin  que  la  communication  soit  ici  assez  parfaite,  etse  fasse  par 
un  grand  nombre  de  points,)  et  touchant  avec  cette  lame  l'eau 
du  gobelet,  ou  plutdt  l'arc  me*  tallique  design^,  tandis  que  l'autre 
main  se  trouve  plong£e  dans  l'autre  gobelet  eloign^,  ou  touche, 
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avec  une  lame  empoignee  de  meme,  Tare  de  celui-ci.  Enfin  on 
comprendra,  et  on  pourra  m6me  prevoir  le  succds  d'une  grande 
varied  d'experiences,  qu'on  peut  executer  avec  cet  appareil  a 
couronne  de  tasses,  plus  facilement,  et  d'une  maniere  plus  evi- 
dente  et  parlante,  pour  ainsi  dire,  aux  yeux,  qu'avec  l'autre 
appareil  a  colonne.  Je  me  dispenserai  done  de  decrire  un  grand 
nombre  de  ces  experiences  faciles  a  deviner,  et  j'en  rapporterai 
seulement  quelques  unes,  qui  ne  sont  pas  moins  instructives 
qu'amusantes. 

Soient  trois  vingtaines  de  ces  tasses  ou  gobelets,  ranges  et 
enchaines  Tun  a  l'autre  par  les  arcs  metalliques,  mais  de  facon 
que,  pour  la  premiere  vingtaine,  ces  arcs  soient  toumes  dans  le 
meme  sens,  par  exemple,  le  bras  d'argent  tourne  a  gauche,  et  le 
bras  de  zinc  a  droite ;  et  pour  la  seconde  vingtaine,  en  sens  con- 
traire,  e'est-a-dire,  le  zinc  a  gauche,  et  l'argent  a  droite ;  enfin, 
pour  la  troisieme  vingtaine, de  nouveau,  l'argent  a  gauche,  comme 
pour  la  premiere.  Ces  choses  ainsi  disposers,  plongez  un  doigt 
dans  l'eau  du  premier  gobelet,  et  touchez,  avec  la  lame  em- 
poignee par  l'autre  main,  de  la  maniere  prescrite,  le  premier  arc 
m^tallique,  (celui  qui  joint  le  premier  gobelet  au  second,)  puis 
l'autre  arc  qui  embrasse  le  second  et  le  troisieme  gobelet,  et  suo 
cessivement  les  autres  arcs,  jusqu'a  les  parcourir  tous.  Si  l'eau 
est  bien  salee  et  ttede,  et  la  peau  des  mains  assez  humectee  et 
ramoliie,  vous  commencerez  deja  a  eprouver  une  petite  commo- 
tion dans  le  doigt,  lorsque  vous  serez  parvenu  a  toucher  le  4e 
ou  le  5e  arc;  (je  l'ai  e^prouvee  quelquefois  assez  distinctement 
par  le  contact  du  3c;)  et,  en  passant  successivement  au  6e,  7e,  &c. 
les  secousses  augmenteront  graduellement deforce,  jusqu'au  aoe 
arc,  e'est-a-dire,  jusqu'au  dernier  de  ceux  tournes  dans  le  meme 
sens:  mais,  en  passant  outre,  au  «ie,  22e,  23c,  ou  ler,  sd,  3c 
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de  la  seconde  vingtaine,  dans  laquelle  ils  sont  tous  tournes  en  sens 
contraire,  les  secousses  deviendront  a  chaque  pas  moins  fortes, 
si  bien,  qu'au  36c  ou  37c,  elles  seront  imperceptibles,  et  abso- 
lument  nulles  au  40c ;  passe  lequel,  (et  commencant  la  troisieme 
vingtaine,  opposee  a  la  seconde,  et  analogue  a  la  premiere,)  les 
secousses  seront  encore  imperceptibles,  jusqu'au  44c  ou  45c  arc ; 
mais  elles  recommenceront  a  devenir  sensibles,  et  a  augmenter 
graduellement,  a  mesure  que  vous  avancerez,  jusqu'au  6be,  ou 
elles  seront  arrivees  a  la  meme  force  du  soe  arc. 

Or,  si  les  20  arcs  du  milieu  Stoient  toumes  dans  le  m£me  sens 
que  les  20  precedents  et  les  20  suivants,  si  tous  les  60  conspi- 
roient  a  pousser  le  fluide  electrique  dans  la  meme  direction,  on 
comprend  de  combien  l'effet  seroit  plus  grand  a  la  fin,  et  la 
commotion  plus  forte;  et  en  general  on  comprend  comment, 
et  jusqu'a  quel  point,  elle  doit  etre  affoiblie,  dans  tous  les  cas 
ou  un  nombre  plus  ou  moins  grand  de  ces  forces,  par  la  position 
des  metaux  a  l'opposite,  se  contrarient. 

Si  la  chaine  est  interrompue  quelque  part,  soit  que  l'eau 
manque  dans  une  des  tasses,  soit  qu'un  des  arcs  metalliques  ait 
ete  enlev6,  ou  qu'il  soit  separe  en  deux  pieces,  vous  n'aurez 
aucune  commotion  en  plongeant  un  doigt  dans  l'eau  du  premier, 
et  un  autre  dans  l'eau  du  dernier  vase ;  mais  vous  l'aurez,  forte 
ou  foible,  selon  les  circonstances,  (laissant  ces  doigts  plonges,) 
au  moment  qu'on  r^tablira  la  communication  rompue,  au  mo- 
ment qu'une  autre  personne  plongera  dans  les  deux  tasses  ou 
manque  l'arc,  deux  de  ses  doigts,  (qui  seront  aussi  f  rap  pes 
d'une  legere  commotion,)  ou  mieux,  qu'elle y  plongera  ce  meme 
arc  qu'on  avoit  6te,  ou  un  autre  quelconque ;  et,  dans  le  cas  de 
l'arc  separe  en  deux  pieces,  au  moment  qu'on  ramenera  eel  les - 
ci  au  contact  mutuel ;  (de  laquelle  maniere  la  commotion  sera 
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plus  forte  qu'autrement ;)  enfin,  dans  le  cas  de  la  tasse  vuide,  au 
moment  qu'en  y  versant  de  l'eau,  elle  abordera  aux  deux  bras 
m^talliques  .enfonce's  dans  cette  tasse,  et  qui  se  trouvoient  a 

Lorsque  la  chaine  ou  couronne  de  tasses  est  assez  longue,  et 
en  $tat  de  pouvoir  donner  une  forte  commotion,  on  l'e'prouvera, 
quoique  beaucoup  plus  foible,  quand  me*me  on  trendroit  plongeY 
les  deux  doigts,  ou  les  deux  mains,  dans  un  seul  bassin  d'eau 
assez  grand,  dans  lequel  aboutissent  le  premier  et  le  dernier  arc 
mdtallique,  pourvu  que  l'une  ou  l'autre  de  pes  mains  enfoncees, 
ou  raieux  toutes  les  deux,  on  les  tienne  respectivement  en  con- 
tact de  ces  m ernes  arcs,  ou  assez  pres  du  contact ;  on  e*prouvera, 
disf-je,  une  commotion,  au  moment  que  (la  chaine  se  trouvant  in- 
terrompue  quelque  part)  la  communication  sera  r£tablie,  et  le 
Gercle  complete,  d'une  des  manieres  qu'on  vient  de  dire.  Or,  on 
pourroit  etre  surpris,  que  dans  ce  cercle,  le  courant  dectrique, 
ayant  son  passage  libre  a  travers  une  masse  d'eau  non  interrom- 
piie>  dans  cette  eau  qui  rem  pi  it  le  bassin,  qui  tie  ce  bon  conduc- 
teur,  pour  se  jetter,  et  poursuivre  son  cours,  &  travers  le  corps  de 
la  person ne  qui  tient  ses  mains  plonge"es  dans  cette  me^me  eau, 
en  faisant  ainsi  un  plus  long  trajet.  Mais  la  surprise  cess  era,  si 
on  reflecbit,  que  les  substances  animales  vivantes  et  chaudes,  et 
sur-tout  leurs  humeurs,  sont  en  g£ne>al  des  raeilleurs  conduc- 
teurs que  l'eau.  Le  corps  done  de  la  personnequi  plonge 
les  mains  dans  l'eau,  offrant  un  passage  plus  facile  que  cette 
eau  au  torrent  electrique,  eelui-ci  doit  le  prefgrer,  quoiqu'un 
peu  plus  long.  Au  reste,  corame  le  fluide  electrique,  lorsqu'il 
doit  traverser  en  quantity,  des  conducteurs  qui  ne  sont  pas  par- 
faits,  et  nomme'ment  des  conducteurs  humides,  aime  a  s'6- 
tendre  dans  un  canal  plus  large,  ou  a  se  partager  en  plusieurs, 
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et  a  prendre  mSme  des  detours,  trouvant  en  cela  moins  de  resis- 
tance qu'a  suivre  un  seul  canal,  quoique  plus  court ;  ce  n'est 
dans  notre  cas  qu'une  partie  du  torrent  electrique,  qui,  s'ecartant 
de  l'eau,  prend  cette  nouvelle  route  de  la  personne,  et  la  par- 
court  d'un  bras  a  l'autre :  une  autre  partie,  plus  ou  moins  grande, 
passe  a  travers  l'eau  du  bassin.  Voila  la  raison  pourquoi  la 
secousse  qu'on  £prouve,  est  beaucoup  plus  foible  que  lorsque  le 
courant  electrique  n'est  point  partage\  lorsque  la  personne  fait 
seule  la  communication  d'un  arc  a  l'autre,  &c. 

D'apres  ces  experiences,  on  peut  croire,  que  lorsque  la  torpille 
veut  donner  une  secousse  aux  bras  de  l'homme,  ou  aux  animaux 
qui  la  touchent,  ou  qui  s'approchent  de  son  corps  sous  l'eau,  (la- 
quelle  secousse  est  pareillement  beaucoup  plus  foible  que  celle 
que  le  poisson  peut  donner  hors  de  l'eau,)  elle  n 'a  qu'a  rapprocher 
quelques  unes  des  parties  de  son  organe  electrique,  la  ou,  par 
quelque  intervalle,  la  communication  manque ;  qu'a  6ter  ces 
interruptions  entre  l'une  et  l'autre  des  colonnes  dont  est  forme  le 
dit  organe,  ou  entre  ces  membranes,  en  forme  de  disques  minces, 
qui  gissent  les  unes  sur  les  autres,  du  fond  jusqu'au  som- 
met  de  chaque  colonne ;  elle  n'a,  dis-je,  qu'a  dter  ces  inter- 
ruptions dans  un  ou  plusieurs  endroits,  et  y  faire  naltre  le 
contact  convenable,  soit  en  comprimant  ces  m£mes  colonnes, 
soit  en  faisant  couler  entre  les  pellicules  ou  diaphragmes  sou- 
16ves,  quelqu'humeur,  &c.  Voila  quelle  peut  etre,  et,  comme 
j'imagine,  quelle  est  reellement,  toute  la  t£che  de  la  torpille, 
en  donnant  la  commotion ;  car  tout  le  reste,  je  veux  dire  l'in- 
citation  et  mouvement  donne  au  fluide  electrique,  n'est  qu'un 
effet  necessaire  de  son  organe  singulier,  forme,  comme  on  voit, 
d'une  suite  tres-nombreuse  de  conducteurs,  que  j'ai  tout  le 
fondement  de  croire  assez  difftrents  entr'eux  pour  £tre  aussi 
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moteurs  du  fluide  electrique,  dans  leurs  contacts  mutuels,  et  de 
les  supposer  arranges  de  la  maniere  convenable  pour  pousser 
ce  fluide  avec  une  force  suffisante,  de  haut  en  bas,  ou  de  bas  en 
haut,  et  determiner  un  courant  capable  de  produire  la  commo- 
tion, &c.  sitdt,  et  chaque  fois,  que  tous  les  contacts  et  communi- 
cations necessaires  ont  lieu. 

Mais  laissons  maintenant  la  torpille,  et  son  organe  ilectrique 
naturel,  et  revenons  a  V organe  electrique  artifciel  de  mon  inven- 
tion, et  particuiierement  a  celui  qui  imite  le  premier,  meme  par 
la  forme,  (car  celui  a  gobelets  s'en  eloigne  a  cet  egard,)  re- 
venons a  mon  premier  appareil  d  colonne.  J'aurois  quelque 
chose  encore  a  dire  par  rapport  a  la  construction  du  dit  appareil 
a  gobelets  ou  d  couronne  de  tasses,  par  exemple,  qu'il  est  bon  que 
la  premiere  et  la  derniere  tasse  soient  assez  grandes  pour  pouvoir 
y  plonger,  a  l'occasion,  toute  la  main,  &c. ;  mais  il  seroit  trop 
long  d'entrer  dans  tous  ces  details. 

Quant  a  l'appareil  a  colonne,  j'ai  cherchd  les  moyens  de 
I'allonger  beaucoup,  en  multipliant  les  plateaux  metalliques 
sans  qu'elle  s'ecroulat ;  de  rendre  cet  instrument  commode  et 
portatif,  et,  sur-tout,  durable ;  et  j'ai  trouvd,  entr'autres,  les  sui- 
vants,  que  je  vous  mets  sous  les  yeux,  par  les  figures  ci-jointes. 
(PI.  XVII.  Fig.  2,3,4..) 

Dans  la  Fig.  2de,  mm?nmy  sont  des  montants  ou  baguettes, 
au  nombre,  de  trois,  quatre,  ou  plus,  qui  s'eUevent  du  pied  de  la 
colonne,  et  renferment,  comme  dans  un  cage,  les  plateaux  ou 
disques  poses  les  uns  sur  les  autres,  en  tel  nombre,  et  jusqu'a  la 
hauteur  qu'on  veut,  et  les  empdchent  ainsi  de  tomber.  Les 
baguettes  peuvent  etre  de  verre,  de  bois,  ou  de  metal ;  seule- 
ment,  dans  ce  dernier  cas,  il  faut  empecher  qu'elles  touchent  im- 
mediatement  les  plateaux;  ce  qu'on  peut  faire,  ou  en  couvrant 
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chacune  de  ces  baguettes  metalbques  avec  un  tube  devetre,ouen 
interposant  entre  ceiles-ci  et  la  colonne,  quelques  bandes  de  toHe 
eh*6e,  de  papier  huile,  ou  m£me  de  papier  simple,  ou  tout  autre 
corps  ervfin,  qui  soit  ou  cobibent,  ou  raauvais  conducteur :  le  bois, 
ou  le  papier,  le  sont  assez  pour  notre  cas,  pourvu  seuleraent 
qu'ils  ne  soient  pas  extr£mement  humides,  ou  mouiltes. 

Mais  le  meilleur  expedient,  lorsqu'on  veut  former  l'appareil 
d'un  nombre  tres-grand  de  plateaux,  au-dela,  par  exemple, 
de  60,  80,  100,  est  de  partager  la  colonne  en  deux  ou  plusieurs, 
comme  on  voit  dans  les  Figures  3  et  4;  ( PI.  XVII.)  ou  les  pieces 
ont  toutes  leurs  positions  et  communications  respectives,  comme 
si  c'&oit  une  seule  colonne.  On  peut  en  eflfet  regarder  la  Fig. 
4e,  aussi  bien  que  la  3c,  comme  une  colonne  rcpliee. 

Dans  toutes  ces  figures,  les  plateaux  metalliques  diflferents 
sont  designed  paries  lettres  A  et  Z;  (qui  sont  les  initielles  d'ar- 
gent  et  de  zinc;)  et  les  disques  mouilles  (de  carton,  de  peau,  &c.) 
interposes  a  chaque  couple  de  ces  metaux,  par  une  couche  noire. 
Les  lignes  ponctuees  marquent  l'union  d'un  metal  avec  l'autre, 

1 

dans  chaque  couple,  leur  contact  mutuel  par  un  nombre  quel-  . 
conque  de  points;  ce  qui  est  indifferent,  ou  qu'ils  sont  soudes 
ensemble,  ce  qui  est  bien  a  plus  d'un  £gard.  c  c,  cc,  c  c,  sont 
des  plaques  metalliques,  qui  font  communiquer  une  colonne, 
ou  section  de  colonne,  a  l'autre;  et  6, 6,  6,  b,  6,  sont,  les  bassins 
d'eaux,  en  communication  avec  les  pieds  ou  extremites  des 
colonnes. 

Un  appareil  ainsi  mont£  est  assez  commode,  pas  volumineux, 
et  on  pourroit  le  rendre  encore  plus  facilement  et  plus  sure- 
ment  portatif,  a  l'aide  de  quelques  etuis  ou  canons,  dans  lesquels 
on  emermeroit  et  garderoit  chaque  colonne.  C'est  dommage 
seulement  qu'il  ne  dure  pas  long-terns  en  bon  6tat ;  les  disques 
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mouilles  se  dess^chant,  dans  tin  ou  deux  jours,  au  point  qu'il  faut 
les  humecter  de  nouveau ;  ce  qu'on  peut  faire  pourtant,  sans  de- 
monter  toutl'appareil,en  plongeant  les  colonnes  toutesfaitesdans 
4'eau,  et  (les  ayant  retirees  quelques  tems  apres)  les  essuyant  a 
rexterieur  avec  un  linge,  ou  autrement,  le  mieux  qu'on  peut. 

La  meilleure  maniere  d'en  faire  un  instrument  aussi  durable 
qu'on  peut  le  souhaiter,  seroit  d'enfermer  et  retenir  l'eau  inter- 
posee  a  chaque  couple  de  metaux,  et  de  fixer  ces  m£mes  pla- 
teaux a  leurs  places,  en  enveloppant  de  cire  ou  de  poix  toute  la 
colonne ;  mais  la  chose  est  un  peu  difficile  pour  l'exeeution,  et 
exigebeaucoupde  patience.  J'y  ai  pourtant  reussi;  etj'ai  forme, 
de  cette  maniere,  deux  cilindres  de  20  couples  metalliques,  qui 
me  servent  encore  assez  bien,  apres  quelques  sewaines,  et  ser- 
viront,  j'espere,  apres  des  mois. 

On  a  la  commoditc  de  pouvoir  employer  ces  cilindres  aux 
experiences,  non  seulement  debout,  mais  inclines,  ou  cou- 
ches, comme  on  veut,  et  m^me  plonges  dans  l'eau,  la  tete 
seulement  dehors :  ils  pourroient  encore  donner  la  commotion 
plonges  entierement,  s'ils  contenoient  un  nombre  plus  grand  de 
plateaux,  ou  si  plusieurs  de  ces  cilindres  etoient  joints  ensemble, 
et  qu'il  y  eut  quelqu'interruption,  qu'on  put  6ter  a  volonte,  &q. 
avec  quoi,  ces  cilindres  iraiteroient  assez  bien  l'anguille  trem- 
blante;  pour  mieux  ressembier  a  laquelle,  m6me  dans  rexte- 
rieur, ils  pourroient  Stre  joints  ensemble  par  des  fils  metalliques 
pliables,  ou  des  ressorts  a  boudin,  et  etre  couverts  dans  toute  la 
longueur  d'une  peau,  et  se  terminer  en  une  tete  et  en  une  queue, 
bien  configures,  &c. 

Les  effets  sensibles  a  nos  organes  que  produit  un  appareil 
forme  de  40  ou  50  paires  de  plateaux,  (et  meme  un  moins  grand, 
si  l'un  des  metaux  etant  argent  ou  cuivre,  l'autre  est  zinc,)  ne 
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se  reduisent  pas  simplement  aux  commotions :  le  courant  de 
fluide  electrique,  mil  et  sollicite  par  un  tel  nombre  et  especes  de 
conducteurs  differents,  argent,  zinc,  et  eau,  alternativement  dis- 
poses de  la  maniere  decrite,  n'excite  pas  seulement  des  contrac- 
tions et  spasmes  dans  les  muscles,  des  convulsions  plus  ou  moins 
violentes  dans  les  membres  qu  il  traverse  dans  son  cours,  mais 
il  irrite  aussi  les  organes  du  gout,  de  la  vue,  de  l'ouie,  et  du  tact, 
proprement  dit,  et  y  produit  des  sensations  propres  a  chacun. 

Et,  premierement,  quant  au  sens  du  tact;  si,  au  moyen  d'un 
ample  contact  de  la  main  (bien  humectee)  avec  unelame  metal- 
lique,ou  mieux,  en  plongeant  la  main  profondement  dans  l'eau 
du  bassin,  j'eteblis  d'un  cdte  une  bonne  communication  avec 
une  des  extremites  de  mon  appareil  electro-moteur,  (il  faut 
donner  de  nouveaux  noms  a  des  instruments  nouveaux,  non 
seulement  par  la  forme,  mais  aussi  par  les  effets,  ou  par  le  prin- 
ciped'ou  ils  dependent,)  et  de  l'autre  cdte  j'applique  le  front,  la 
paupiere,  le  bout  du  nez,  aussi  humectes,  ou  quelque  autre  partie 
du  corps  oil  la  peau  soit  assez  delicate ;  j'applique,  dis-je,  avec 
un  peu  de  pression,  quelqu'une  de  ces  parties  delicates,  bien  hu- 
mectees,  contre  la  pointe  d'un  fil  metallique,qui  va  communiquer 
convenablement  a  Tautre  extremite  du  dit  appareil,  je  sens,  au 
moment  que  s'accomplit  ainsi  le  cercle  conducteur,  a  Tendroit 
tx)uch^  de  la  peau,  et  un  peu  au-dela,  un  coup  et  une  piqure, 
qui  passent  vite,  et  se  repetent  autant  de  fois  qu'on  interrompt 
et  retablit  ce  cercle;  de  sorte  que,  si  ces  alternatives  sont  fre- 
quentes,  elles  me  causent  un  tremoussement,  et  un  picotement 
fort  desagreable.  Mais,  si  toutes  les  communications  continuent 
sans  ces  alternatives,  sans  la  moindre  interruption  du  cercle,  je 
ne  ressens  plus  rien  pour  quelques  moments  ;  passes  lesquels, 
commence  a  la  partie  appliquee  au  bout  du  fil  metallique,  une 
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autre  sensation,  qui  est  une  douleur  aigue,  (sans  secousse,) 
limitee  precisement  aux  points  du  contact,  une  cuisson,  non 
seulement  continued,  mais  qui  va  toujours  en  augmentant,  au 
point  de  devenir  en  peu  de  terns  insupportable,  et  qui  ne  cesse 
qu'en  interrompant  le  cercle. 

Quelle  preuve  plus  evidente  de  la  continuation  du  courant 
electrique,  pour  tout  le  terns  que  les  communications  des  con- 
ducteurs  qui  forme  le  cercle  continuent  ?  et  que  seulement  en 
interrompant  celui-ci,  un  tel  courant  est  suspendu  ?  Cette  cir- 
culation sans  fin  du  fluide  electrique,  (ce  mouvement  perpetuel,) 
peut  paroitre  paradoxe,  peutn'Stre  pas  explicable;  mais  elle  n'en 
est  pas  moins  vraie  et  reelle,  et  on  la  touche,  pour  ainsi  dire,  des 
mains.  Une  autre  preuve  evidente  peut  aussi  se  tirer,  de  ce  que, 
dans  ces  sortes  d'experiences,  on  6prouve  souvent,  au  moment 
qu'on  interrompt  brusquement  le  cercle,  un  coup,  une  piqure, 
une  commotion,  suivant  les  circonstances,  tout  comme  aii  mo- 
ment qu'on  le  complete ;  avec  la  seule  difference,  que  ces  sen- 
sations, causees  par  une  espece  de  reflux  du  fluide  electrique,  ou 
par  le  secousse  qui  nait  de  la  suspension  soudaine  de  son  cou- 
rant, sont  plus  foibles.  Mais  je  n'ai  pas  besoin,  et  ce  n'est  pas 
ici  le  lieu,  d'alleguer  les  preuves  d'une  telle  circulation  sans  fin 
du  fluide  electrique,  dans  un  cercle  de  conducteurs  ou  il  y  en 
a  qui,  pour  6tre  de  differente  espece,  font  par  leur  contact  mu- 
tuel,  l'oflice  d'excitateurs  ou  moteurs :  cette  proposition,  que 
j'ai  avancee  des  mes  premieres  recherches  et  decouvertes  au 
sujet  du  Galvanisme,  et  toujours  soutenue,  en  l'appuyant  de 
nouveaux  faits  et  experiences,  n'aura  plus,  j'espere,  de  contra- 

Revenant  a  la  sensation  de  douleur  qu'on  eprouve  dans  les 
experiences  decrites  ci-dessus,  je  dois  ajouter,  que  si  cette  dou- 
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leur  est  assez  forte  et  piquante  dans  lea  parties  que  la  peau 
recouvre,  elle  Test  beau  coup  plus  oil  la  peau  a  ete  enleve-,  dans 
les  blessures,  par  exemple,  et  les  pfeies  recentes.  Si  par  hazard 
il  y  a  tine  petite  incision,  ou  ecorchure,  au  doigt  que  je  plonge 
dans  L'eau  communiquante  avec  une  des  extremites  de  l'appareil 
electro-moteur,  j'y  ressens  ufie  douleur  st  vive  et  si  cuisante,  k>rs- 
qu'en  etablissant  la  communication  convenable  avec  l'autre  extre- 
mity j 'en  completele  cercle,que  je  dois  bientot  mc  ddsister  de  I'ex- 
perience,  c'est-a-dire,  retirer  le  doigt,  ou  mterrompre  de  quelque 
autre  raantere  ce  cercle.  Je  dirai  de  plus,  que  je  ne  puis  pas 
meme  resister  au-dela  de  quelques  secondes,  lorsque  la  partie 
de  l'appareil  que  je  mets  en  jeu,  ou  l'appareil  entier,  ne  va  qu'a 
20  coupks  me tallkjues,  ou  environ. 

Une  chose  que  je  dois  encore  faire  remarquer,  c'est,  que  toutes 
ces  sensations  de  picotement  et  de  douJeur  sont  plus  fortes  et 
plus  aigues,  les  autres  choscs  egales,  lorsque  la  partie  du  corps 
qui  doit  les  ressentir  se  trouve  du  cdte  de  l'eiectricite"  negative, 
c'est-a-dire,  placee  de  mariiere,  dans  le  cercle  conducteur,  que 
le  fluide  electrique  parcourant  ce  cercle,  ne  soit  pas  dirige  contre 
cette  partie  sensible,  qu'ii  ne  s'avance  pas  vers  elle  ety  entre  de 
dehors  en  dedans,  mais  bien  que  sa  direction  soit  de  dedans  en 
dehors,  en  un  mot,  qu'il  en  sorte  :  par  rapport  a  quoi,  il  faut  con^ 
noitre,  des  deux  metaux  qui  entrent  par  couples  dans  rappareil 
construit,  quel  est  celui  qui  donne  a  l'autre.  Or,  j'avois  deja 
determine  cela  pour  tous  les  metaux,  par  d'autres  experiences, 
publiees  il  y  a  long-tems,  a  la  suite  de  mes  premiers  memoires  au 
sujet  du  Galvanisme.  Je  ne  dirai  done  ici  autre  chose,  sinon; 
que  tout  est  pleinement  confirm**,  par  les  experiences  egalement 
et  encore  plus  demonstratives  et  eclatantes,  qui  m'occupent  a 
present. 
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Par  rapport  au  sensdu  goutj'avois  deja  decouvert,  et  public 
dans  ces  premiers  memoires,  ou  je  me  vis  oblige  de  combattre 
la  pretendue  electricite  animale  de  fcrALVANi,  et  de  la  declarer 
une  electricite  extrinseque,  mue  par  le  contact  mutuel  des  me- 
taux de  differente  espece;  j'avois,  dis-je,  decouvert,  en  conse- 
quence de  ce  pouvoir  que  j'attribuois  aux  metaux,  que  deux 
pieces  de  ces  meteux  differents,  et  singulierement  une  d'argent 
et  une  de  zinc,  appliquecs  convenablement,  excitoient,  sur  le  bout 
de  la  langue,  de  sensations  de  saveur  tres-marquees ;  que  la 
saveur  etoit  decidement  acide,  si,  le  bout  de  la  langue  etant 
tourn6  vers  le  zinc,  le  courant  electrique  alloit  contre  lui,  et 
entroit ;  et  qu'une  autre  saveur,  moins  forte,  mais  plus  desagre- 
able,  acre,  et  tirante  a  l'alcalin,  se  faisoit  sentir,  si  (la  position 
des  metaux  etant  renversee)  le  courant  electrique  sortoit  du 
bout  de  la  langue;  que  ces  sensations,  au  surplus,  continuoient, 
et  recevoient  m6me  des  accroissements,  pendant  plusieurs  se- 
condes,  si  le  contact  mutuel  des  deux  metaux  se  soutenoit,  et  le 
cercle  conducteur  n'etoit  nulle  part  interrompu.  Or,  quand  j'ai 
ditici,que  les  mSmesphenomenes  arrivent  ponctuellement,  lors- 
qu'on  met  a  i'epreuve,  au  lieu  d'une  seule  couple  de  ces  pieces 
metalliques,  un  assemblage  de  plusieurs,  arranges  comme  il 
faut ;  et  que  les  dites  sensations  de  saveur,  soit  acide,  soit  alca- 
line,  augmentent,  mais  peu,  avec  le  nombre  de  ces  couples,  j'ai 
presque  tout  dit.  II  me  reste  seulement  a  ajouter,  que  si  l'ap- 
pareil  qu'on  met  en  jeu  pour  ces  experiences  sur  la  langue,  est 
forme  d'un  nombre  assez  grand  de  couples  metalliques  de  cette 
espece,  si,  par  exemple,  il  en  contient  30,  40,  ou  davantage,  la 
langue  n'eprouve  pas  uniquement  la  sensation  de  saveur  qu'on 
vient  de  dire,  mais,  en  outre,  celle  d'un  coup,  qui  la  frappe  a  l'in- 
stant  qu'on  complete  le  cercle,  et  qui  lui  cause  une  piqure  plus 
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ou  moins  douloureuse,  mais  passagere,  suivie,  quelques  moments 
apres,  de  la  sensation  durable  de  saveur.  Ce  coup  produit 
meme  une  convulsion,  ou  tremoussement,  d'une  partie,  ou  de 
toute  la  langue,  lorsque  Tappareil,  forme  d'un  plus  grand 
nombre  encore  de  couples  des  dits  metaux,  est  plus  actrf,  et 
que,  moyennant  de  bonnes  communications  conductrices,  le 
courant  electrique  qu'il  excite  peut  passer  partout,  avec  assez  de 
liberty 

Je  reviens  souvent,  et  j'insiste,  sur  cette  derniere  condition, 
parcequ'elle  est  essentielle,  pour  toutes  les  experiences  oil  il 
s'agit  d'obtenir  des  effets  bien  sensibles  sur  notre  coFps,  soit  des 
commotions  dans  les  membres,  soit  des  sensations  dans  les 
organes  des  sens.  II  faut  done,  que  les  conducteurs  non-me- 
talliques  qui  entrent  dans  le  cercle,  soient  des  bons  conduc- 
teurs autant  que  possible,  bien  imbibes  (s'ils  ne  sont  pas  des 
liquides  eux-memes)  d'eau,  ou  de  quelque  autre  fluide  plus 
conducteur  que  l'eau  pure ;  et  il  faut,  outre  cela,  que  les  sur- 
faces bien  humides,  par  lesquelles  ils  communiquent  avec  les 
conducteurs  metalliques,  et  sur-tout  entr'eux,  soient  assez  larges. 
La  communication  doit  seulement  etre  retrecie,  ou  reduite  a  un 
petit  nombre  de  points  de  contact,  la  oil  l'on  veut  concentrer 
Taction  electrique  sur  une  partie  des  plus  sensibles  du  corps, 
sur  quelques  nerf  des  sens,  &c.  comme  je  Tai  deja  fait  remar- 
quer,  a  propos  des  experiences  sur  le  tact,  savoir,  des  experiences 
par  lesquelles  on  excite  des  douleurs  aigues  dans  difterentes  par- 
ties. Ainsi  done,  la  meilleure  maniere  que  j'ai  trouvee,  de 
produire  sur  la  langue  toutes  les  sensations  decrites,  est,  d'ap- 
pliquer  son  bout  contre  Textremite  pointue  (qui  ne  le  soit  pas 
pourtant  trop)  d'une  verge  metallique,  que  je  fais  cemmu- 
niquer  convenablement,  comme  dans  les  autres  experiences,  a 
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une  des  extremites  de  mon  appareil,  et  d'etablir  un  bonne  com- 
munication de  la  main,  ou,  ce  qui  est  mieux,  des  deux  mains  en- 
semble, avec  Tautre  extremity.  Cette  application  du  bout  de  la 
langue  au  bout  de  la  verge  metallique,  peut,  au  reste,  ou  exister 
deja,  lorsqu'on  va  faire  l'autre  communication  pour  completer 
le  cercle,  (lorsqu'on  va  plonger  la  main  dans  l'eau  du  bassin,) 
ou  se  faire  apres  l'eteblissement  de  cette  communication,  pen- 
dant que  la  main  se  trouve  plongee;  et,  dans  ce  dernier  cas,  je 
crois  sentir  la  piqiire  et  la  secousse  dans  la  langue,  un  tant-soit- 
peu  avant  le  veritable  contact.  Oui,il  me  paroit  toiijours,particu- 
lierement  si  j'avance  peu-a-peu  le  bout  de  la  langue,  que  lors- 
qu'il  est  arrive  a  une  tres-petite  distance  du  metal,  le  fluide 
electrique,  (je  voudrois  presque  dire  l'etincelle,)  franchissant  cet 
intervalle,  s'eJance  pour  le  frapper. 

A  regard  du  sens  de  la  vue,  que  j'avois  aussi  decouvert  pouvoir 
£tre  affects  par  le  foible  courant  du  fluide  electrique,  procedant 
du  contact  mutuel  de  deux  metaux  differents,  en  general,  et  en 
particulier  d'une  piece  d'argent  avec  une  de  zinc,  je  devois  m'at- 
tendre,  que  la  sensation  de  lumiere  excitee  par  mon  nouvel  ap- 
pareil, seroit  plus  forte,  a  mesure qu'il  contiendroit  un  plus  grand 
nombre  de  pieces  de  ces  metaux;  chaque  couple  desquels,  arran- 
gees  comme  il  faut,  ajoute  un  degre  de  force  au  dit  courant  elec- 
trique, comme  toutes  les  autres  experiences  le  montrent,  et 
notamment  celles  avec  relectrometre,  aide  du  condcnsateur, 
que  j'ai  seulement  indiquees,  et  queje  decrirai  ailleurs.  Mais  je 
fus  surpris  de  trouver,  qu'avec  10,  20,30  couples,  et  davantage, 
l'£clair  produit  ne  paroissoit  ni  plus  long  et  etendu,  ni  beaucoup 
plus  vif,  qu'avec  une  seule  couple.  II  est  vrai,  cependant,  que 
cette  sensation  de  lumiere  foible  et  passagere,  est  excitee  par 
un  tel  appareil  plus  aisement,  et  de  plusieurs  manieres.  En 
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eflfet,  pour  reussir  avec  une  seule  couple,  il  n'y  a,  a-peu-pres, 
que  les  manieres  suivantes ;  savoir,  ou  qu'une  des  pieces  metal- 
liques  soit  appliquee  au  bulbe  meme  de  l'ceil,  ou  a  la  paupiere, 
bien  humectee,  et  qu'on  la  fasse  toucher  a  l'autre  metal  applique^ 
a  l'autre  ceil,  ou  tenu  dans  la  bouche,  ce  qui  donne  le  plus  bel 
Eclair;  ou,  qu'on  empoigne  cette  second  pieee  m£tallique, 
avec  la  main  bien  humectee,  et  qu'on  la  porte  au  contact  de  la 
premiere ;  ou  enfin,  qu'on  applique  ces  deux  lames  a  certaines 
parties  de  l'interieur  de  la  bouche,  en  les  faisant  aussi  commu- 
niquer  entr'elles.  Mais,  avec  un  appareil  de  20,  30  couples, 
&c.  on  produit  le  meme  eclair,  en  appliquant  au  bout  d'une 
lame  ou  verge  melallique,  qui  soit  en  communication  avec  une 
des  extremitds  de  cet  appareil,  tandis  que  d'une  main  on  com- 
munique convcnablement  avec  l'autre  extremite ;  en  appliquant, 
dis-je,  ou  faisant  toucher  a  cette  lame,  non  seulement  l'ceil,  ou 
quelque  partie  que  se  soit  de  la  bouche,  mais  le  front,  le  nez, 
les  joues,  ks  levres,  le  mcnton,  et  jusqu'a  la  gorge ;  en  un  mot, 
toutes  les  parties  et  points  du  visage,  qu'on  doit  seulement  avoir 
bien  humectes, avant  deles  porter  au  contact  de  la  lame  metal- 
lique.  Au  reste,  la  forme,  comme  la  force,  de  cette  lumiere 
passagere  qu'on  appercoit,  varie  un  peu,  en  variant  les  endroits 
de  la  face  sur  lesquels  on  porte  Taction  du  courant  electrique ; 
si  e'est  sur  le  front,  par  exemple,  cette  lumiere  est  mediocre- 
ment  vive,  et  paroit  comme  un  cercle  lumineux,  sous  laquelle 
figure  elle  se  pr^sente  aussi  dans  plusieurs  autres  essais. 

Mais  la  plus  curieuse  de  toutes  ces  experiences,  est  de  tenir 
la  lame  metallique  serree  entre  les  levres,  et  en  contact  du  bout 
de  la  langue;  puisque,  lorsqu'on  vient  ensuite  completer  le 
cercle,  de  la  maniere  convenable,  on  excite  a  la  fois,  si  Tappareil 
est  suffisamment  grand,  en  bon  ordre,  et  le  courant  electrique 
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assez  fort  et  en  bon  train,  une  sensation  dc  lumiere  dans  les 
yeux,  une  convulsion  dans  les  levres,  et  me  me  dans  la  langue, 
une  piqure  douloureuse  sur  son  bout,  suivie  enfin  de  la  sensation 
de  saveur. 

Je  n'ai  plus  qu'a  dire  un  mot  sur  l'ouie.  Ce  sens,  quej'avois 
inutilement  cherche  a  exciter  avec  deux  seules  lames  metal- 
liques,  quoique  les  plus  actives  entre  tous  les  moteurs  d'electii- 
cit£,  savoir,  une  d'argent,  ou  d'or,  et  l'autre  de  zinc,  je  suis  enfin 
parvenu  d  l'atfecter  avec  mon  nouvel  appareil,  compost  de  30 
ou  40  couples  de  ces  metaux.  J'ai  introduit,  bien  avant  dans 
les  deux  oreilles,  deux  especes  de  sondes  ou  verges  metalliques, 
avec  les  bouts  arrondis;  et  je  les  ai  fait  communiqucr  immediate- 
ment  aux  deux  extr^mites  de  Tappareil.  Au  moment  que  le 
cercle  a  ete  ainsi  complete,  j'ai  recu  une  secousse  dans  la  t£te  ; 
et,  quelques  moments  apres,  (les  communications  continuant 
sans  aucune  interruption,)  j'ai  commence  a*  sentir  un  son,  ou 
plutdt  un  bruit,  dans  les  oreilles,  que  je  ne  saurois  bien  definjr ; 
.  c'dtoit  une  espece  de  craquement  a"  secousse,  ou  petillement, 
comme  si  quelque  p;tte  ou  matiere  tenace  bouillonnoit.  Ce  bruit 
continua  sans  rel^che,  et  sans  augmentation,  tout  le  terns  que 
-  le  cercle  fut  complet,  &c.  La  sensation  desagreable,  et  que  je 
craignis  dangereuse,  de  la  secousse  dans  le  cerveau,  a  fait  que 
je  n'ai  pas  repete  plusieurs  fois  cette  experience. 

Reste  le  sens  de  l'odorat,  que  j'ai  tente  jusqu'ici  inutilement, 
avec  mon  appareil.  Le  fluide  electrique,  qui,  mis  en  courant 
dans  un  cercle  complet  de  conducteurs,  produit  dans  les  mem- 
bres  et  parties  des  corps  vivants  qui  se  trouvent  comprises  dans 
ce  cercle,  des  effets  correspondants  a  leur  excitabilite ;  qui,  sti- 
mulant particulierement  les  organes  ou  nerfs  du  tact,  du  gout, 
de  la  vue,  et  de  l'ouie,  y  excite  quelques  sensations  propres  a 
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chacun  de  ces  sens,  cotnme  nous  avons  trouv£,  ne  produit,  dans 
l'interieur  du  nez,  qu'un  picotement  plus  ou  moins  douloureux, 
et  des  commotions  plus  ou  moins  etendues,  selon  que  le  dit  cou- 
rant  est  plus  ou  moins  fort.  Et  d'ou  vient  done,  qu'il  n'v  excite 
aucune  sensation  d'odeur,  quoiqu'il  arrive,  comme  il  paroit,  a 
stimuler  les  nerfs  de  ce  sens  ?  On  ne  peut  pas  dire,  que  le 
fluide  electrique,  par  lui-me'me,  ne  soit  pas  propre  a  produire 
des  sensations  odorantes;  puisque,  lorsqu'il  se  repand  dans  lair, 
en  forme  d'aigrettes,  &c.  dans  les  experiences  ordinaires  des 
machines  61ectriques,  il  porte  au  nez  une  odeur  tres-marquee, 
ressemblante  a  celle  du  phosphore.  Je  dirai  done,  avec  plus  de 
ressemblance,  et  sur  un  fondement  d'analogie  avec  les  autres 
matieres  odorife'rantes,  qu'il  faut  justement  qu'il  se  repande 
dans  l'air,  pour  exciter  l'odorat;  qu'il  a  besoin,  comme  les  autres 
effluves,  du  vehicule  de  Tair,  pour  affecter  ce  sens  de  la  maniere 
propre  a  y  faire  naitre  les  sensations  d'odeur.  Or,  dans  les  ex- 
periences dont  il  est  question,  e'est-a-dire,  du  courant  electrique 
dans  un  cercle  de  conducteurs  tous  contigus,  et  sans  la  moindre 
interruption,  cela  ne  peut  absolument  avoir  lieu. 

Tous  les  faits  que  j'ai  rapporte  dans  ce  long  £crit,  touchant 
l'action  que  le  fluide  electrique,  incite  et  mu  par  mon  appareil, 
exerce  sur  les  diff<erentes  parties  de  notre  corps,  que  son  courant 
envahit  et  traverse ;  action  qui,  au  surplus,  n'est  pas  momen- 
tanee,  mais  soutenue  et  durable  pour  tout  le  terns  que,  les 
communications  n'^tant  point  interrompues,  ce  courant  suit  son 
train  ;  action,  enfin,  dont  les  effets  varient  suivant  la  diffe>ente 
excitabilite  de  ces  parties,  comme  on  a  vu ;  tous  ces  faits,  deja 
assez  nombreux,  et  d'autres  qu'on  pourra  encore  d^couvrir,  en 
multipliant  et  variant  les  experiences  de  ce  genre,  vont  ouvrir 
un  champ  assez  vaste  de  reflexions,  et  des  vues,  non  seulement 
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curieuses,  m'ais  int£ressantes  particulierement  la  m^decine.  II  y 
en  aura  pour  occuper  l'anatomiste,  le  physiologiste,  et  le  prac- 
ticien. 

On  scait,  par  l'anatomie  qui  en  a  £te"  faite,  que  l'organe  £lec- 
trique  de  la  torpille,  et  de  1'anguille  tremblante,  consiste  en  plu- 
sieurs  colonnes  membraneuses,  remplies  d'un  bout  a  l'autre 
d'un  grand  nombres  de  lames  ou  pellicules,  en  forme  dedisques 
tres-minces,  couch^es  les  unes  sur  les  autres,  ou  soutenues  a 
de  tres-petits  intervalles,  dans  lesquels  coule,  comme  il  paroit, 
quelque  humeur.  Or,  on  ne  peut  pas  supposer,  qu'aucune  de 
ces  lames  soit  isolante,  comme  le  verre,  les  resines,  la  soye,  &c. 
et  moins  encore,  qu'elles  puissent,  ou  s'&ectriser  par  frottement, 
ou  etre  disposers  et  chargers  a  la  maniere  de  petits  tableaux 
Frankliniens,  ou  de  petits  dectrophores ;  ni  m6me,  qu'elles 
soient  d'assez  mauvais  conducteurs  pour  faire  l'office  d'un  bon 
et  durable  condensateur,  comme  l'a  imagine"  Mr.  Nicholson. 
L'hypothe'se  de  ce  savant  et  laborieux  physicien,  par  laquelle 
il  fait  de  chaque  paire  de  ces  pellicules,  qu'il  voudroit  comparer 
a  des  feuilles  de  talc,  autant  de  petits  e'lectropbores  ou  conden- 
sateursy  est,  a  la  v£rite,  tres-ingenieuse;  c'est  peut-e'tre  ce  qu'on 
a  imagine"  de  mieux  pour  l'explication  des  phe'nomenes  de  la 
torpille,  en  se  tenant  aux  principes  et  loix  connues  jusqu'ici  en 
Electricity.  Mais,  outre  que  le  mecanisme  par  lequel  devroit 
s'op£rer,  pour  chaque  coup  que  ce  poisson  voudroit  donner,  la 
separation  respective  des  plateaux,  de  tous  ou  d'un  grand 
nombre  de  ces  £lectrophores  ou  condensateurs ;  devroient,  dis- 
je,  s'opCrer  toutes  ces  separations  a  la  fois,  et  s'etablir,  d'un  cdte\ 
une  communication  entr'eux  de  tous  les  plateaux  electrises  en 
plus,  et,  de  Tautre  cot6,  une  communication  de  tous  ceux  elec- 
trises en  moins ,  comme  le  veut  Mr.  Nicholson  ;  outre  que  ce 
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mEcanisme  trEs-compliquE  paroit  trop  difficile,  et  peu  natural; 
outre  que  la  supposition  d'une  charge  Electrique,  originairement 
imprimEe,  et  si  durable,  dans  ces  pellicules  faisant  Toffice  d'Elec- 
trophores,  est  tout-a-fait  gratuite;  une  telle  hypothEse  tombe 
entierement,  vu  que  ces  pellicules  de  1'organe  de  la  torpille  ne 
sont,  et  ne  peuvent  Etre,  aucunement  isolantes,  ou  susceptibles 
d'une  veritable  charge  Electrique,  et  moins  encore  capables  de 
la  retenir.  Toute  substance  animale,  tant  qu'elle  est  fraiche,  en- 
tourEe  d'humeurs,  et  plus  ou  moins  succulente  elle-mEme,  est  un 
assez  bon  conducteur :  je  dis  plus ;  bien  loin  d'etre  aussi  cobibente 
que  les  resines,  ou  le  talc,  aux  feuilles  duquel  Mr.  Nicholson 
cherche  a  comparer  les  pellicules  dont  il  est  question,  il  n'y  a 
point,  comme  je  me  suis  assurE,  de  substance  animale  vivante, 
ou  fraiche,  qui  ne  soit  meilleur  deferente  que  l'eau,  excepte  seule- 
ment  la  graisse,  et  quelques  humeurs  huileuses.  Mais,  ni  ces 
humeurs,  ni  la  graisse,  sur-tout  a  demi  fluide,  ou  fluide  entiere- 
ment, comme  elle  se  trouve  dans  les  animaux  vivants,  peut 
rccevoir  une  charge  Electrique,  a  la  maniere  des  lames  isolantes, 
et  la  retenir;  d'ailleurs,  on  ne  trouve  pas,  que  les  pellicules  et  les 
humeurs  de  1'organe  de  la  torpille  soient  graisseuses  ou  hui- 
leuses. Ainsi  done,  cet  organe,  formE  uniquement  de  substances 
conductrices,  ne  peut  Etre  rapportE,  ni  a  l'Electrophore  ou  con- 
densates, ni  a  la  bouteille  de  Leyde,  ni  a  une  machine  quel- 
conque  excitable,  soit  par  frottement,  soit  par  quelque  autre 
moyen  capable  d'electriser  des  corps  isolants,  qu'on  a  toujours 
crus,  avant  mes  dEcouvertes,  les  seuls  originairement  Electriques. 

A  quelle  Electricity  done,  a  quel  instrument,  doit-il  Etre  com- 
parE,  cet  organe  de  la  torpille,  de  l'anguille  tremblante,  &c.  ?  a 
celui  que  je  viens  de  construire,  d'apres  le  nouveau  principe 
d'ElcctricitE  que  j'ai  dEcouvert  il  y  a  quelques  annEes,  et  que 
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mes  experiences  successives,  sur-tout  celles  qui  m'occupent 
maintenant,  ont  si  bien  confirm^,  savoir,  que  les  conducteurs 
sont  aussi,  dans  certains  cas,  moteurs  d'£lectricite\  dans  le  cas  du 
contact  mutuel  de  ceux  de  differente  espece,  &c.  a  cet  appa- 
reil,  que  j'ai  nomine  Organe  ilectrique  artijkiel,  et  qui,  £tant  dans 
le  fond  le  me'me  que  l'organe  naturel  de  la  torpille,  le  ressemble 
encore  pour  la  forme,  comme  j'ai  deja  avance\ 
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XVIII.  Some  Observations  on  the  Head  of  the  Ornithorhynchus 
paradoxus.  By  Everard  Home,  Esq.  F.  R.  S. 

Read  July  3,  1800. 

The  specimens  of  this  extraordinary  animal  which  have  been 
sent  to  Europe,  have  been  deprived  of  the  internal  parts,  and 
the  skins  are  mostly  dried,  and  but  badly  preserved.  Such  im- 
perfect specimens  have  raised  the  curiosity  of  the  naturalist,  and 
excited  the  ardor  of  the  anatomist,  without  satisfying  their 
enquiries. 

It  was  natural,  under  these  circumstances,  to  reserve  any  ob- 
servations which  had  been  made  upon  this  newly  discovered 
quadruped,  till  the  entire  animal  should  be  brought  home  pre- 
served in  spirit,  and  enable  us  to  examine  the  structure  of  its 
different  organs ;  but,  finding  that  Professor  Blumenbach  has 
been  led  to  believe  that  it  was  an  animal  without  teeth,  an 
opinion  which  must  have  arisen  from  the  imperfect  state  of  the 
specimen  he  examined,  it  appeared  highly  proper  to  do  away 
the  mistake,  and  lay  before  this  learned  Society,  such  obser- 
vations respecting  the  head  of  this  extraordinary  animal,  as  I' 
have  been  enabled  to  make. 

My  opportunities  of  examining  the  OrniChorbyncbus  were  pro- 
cured through  Sir  Joseph  Banks  ;  who  permitted  me  to  have 
drawings  made  from  the  skin  of  one  of  a  very  large  size,  and 
which,  from  having  been  preserved  in  spirit,  was  more  perfect 
than  any  of  the  dried  specimens. 

Any  general  description  of  the  beak  of  this  animal,  which  is 
its  most  conspicuous  peculiarity,  becomes  unnecessary,  as  the 
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accompanying  drawings  will  give  a  sufficiently  correct  idea  of 
the  outward  appearances,  to  answer  the  present  purpose. 

It  was  not  permitted  to  examine  the  head  anatomically ;  but  a 
smaller  dried  specimen,  received  from  Sir  Joseph  Banks,  fur- 
nished me  with  the  following:  observations. 

The  beak  of  the  Ornithorhynchus,  when  it  is  cursorily  examined, 
appears  so  strongly  to  resemble  that  of  the  duck,  as  to  lead  to 
the  belief  of  its  being  calculated  for  exactly  the  same  purposes; 
it  will  however  be  found  to  differ  materially  from  it,  in  a  variety 
of  circumstances. 

The  beak  is  found,  upon  examination,  not  to  be  the  animal's 
mouth,  but  a  part  added  to  the  mouth*,  and  projecting  beyond  it. 

The  cavity  of  the  mouth  is  situated  as  in  other  quadrupeds, 
and  has  two  grinding  teeth  on  each  side,  both  in  the  upper  and 
lower  jaw;  but,  instead  of  incisor  teeth,  the  nasal  and  palate 
bones  are  continued  forwards,  lengthening  the  anterior  nostrils, 
and  forming  the  upper  part  of  the  beak ;  and  the  two  portions 
of  the  lower  jaw,  instead  of  terminating  at  the  symphisis,  where 
they  join,  become  two  thin  plates,  and  are  continued  forwards, 
forming  the  under  portion  of  the  beak. 

This  structure  differs  materially  from  the  bill  of  the  duck, 
and  indeed  from  the  bills  of  all  birds,  since  in  them,  the  cavi- 
ties of  the  nostrils  do  not  extend  beyond  the  root  of  the  bill ; 
and,  in  their  lower  portions,  which  correspond  to  the  under  jaw 
of  quadrupeds,  the  edges  are  hard,  to  answer  the  purpose  of 
teeth,  and  the  middle  space  is  hollow,  to  receive  the  tongue. 
But,  in  this  animal,  the  two  thin  plates  of  bone  are  in  the  centre; 
and  the  parts  which  surround  them  are  composed  of  skin  and 
membrane,  in  which  a  muscular  structure  probably  is  inclosed. 

The  teeth  have  no  fangs  which  sink  into  the  jaw,  as  in  most 
quadrupeds,  but  are  imbedded  in  the  gum;  and  have  only  lateral 
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alveolar  processes,  from  the  outer  and  inner  edges  of  the  jaw, 
to  secure  them  in  their  places,  but  no  transverse  ones  between 
the  two  teeth. 

The  tongue  is  extremely  short,  not  half  an  inch  long;  and 
the  moveable  portion  not  more  than  a  quarter  of  an  inch ;  the 
papillae  on  its  surface  are  long,  and  of  a  conical  form.  When 
the  tongue  is  drawn  in,  it  can  be  brought  intirely  into  the 
mouth  ;  and,  when  extended,  can  be  projected  about  a  quarter 
of  an  inch  into  the  beak. 

The  organ  of  smell,  in  this  animal,  differs,  in  some  particulars, 
from  that  of  quadrupeds  in  general,  as  well  as  of  birds.  The  ex- 
ternal openings  of  this  organ  are  placed  nearly  at  the  end  of  the 
beak, there  being  only  the  lip  beyond  them;  while  the  turbinated 
bones  are  in  the  same  relative  situation  to  the  other  parts  of  the 
skull  as  in  quadrupeds ;  by  which  means,  there  are  two  cavities 
the  whole  length  of  the  beak,  superadded  to  the  organ  of  smell. 

The  turbinated  bones  in  each  nostril  are  two  in  number,  and 
are  distinct  from  each  other.  That  next  the  beak  is  the  longest, 
has  a  more  variegated  surface  than  in  the  duck,  and  has  the 
long  axis  in  the  direction  of  the  nostril ;  the  posterior  one  is 
short,  projects  farther  into  the  nostril,  and  the  ridges  are  in  a 
transverse  direction. 

The  posterior  nostrils  do  not  open  directly  under  the  turbi- 
nated bones,  as  in  the  duck,  but  about  an  inch  farther  back,  and 
are  extremely  small ;  the  cavities  of  the  nose,  in  this  animal, 
are  therefore  uncommonly  extensive ;  they  reach  from  the  end 
of  the  beak  nearly  to  the  occiput. 

The  beak  itself  is  formed  by  the  projecting  bones  already  men- 
tioned, covered  with  a  smooth  black  skin,  which  extends  some 
way  beyond  the  bones,  both  in  front  and  laterally,  forming  a 
moveable  lip.  This  lip  is  so  strong,  that,  when  dried  or  hardened 
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in  spirit,  it  seems  to  be  rigid ;  but,  when  moistened,  is  very 
pliant,  and,  as  has  been  already  mentioned,  has  probably  a 
muscular  structure.  The  under  portion  of  the  beak  has  a  lip 
equally  broad  with  the  upper:  this  has  a  serrated  edge  ;  but  the 
serrse  are  confined  to  the  soft  part,  not  extending  to  the  mem- 
brane covering  the  bone,  and  are  not  met  with  in  the  upper  one. 
The  extent  of  the  lips  beyond  the  bones,  is  distinctly  marked  in 
the  drawings. 

There  is  a  very  curious  transverse  fold  of  the  external  black 
smooth  skin,  by  which  the  beak  is  covered,  projecting  all  round, 
exactly  at  that  part  where  the  beak  has  its  origin.  Its  apparent 
use  seems  to  be  to  prevent  the  beak  being  pushed  further  into 
the  soft  mud,  in  which  its  prey  may  lie  concealed,  than  up  to  this 
part,  which  is  so  broad  that  it  must  completely  stop  its  progress. 

The  nerves  that  supply  the  beak,  in  their  general  course, 
size,  and  number,  seem  very  closely  to  correspond  with  those 
of  the  hill  of  the  duck. 

The  cavity  of  the  skull  bears  a  greater  general  resemblance 
to  that  of  the  duck  than  of  quadrupeds :  there  is  a  very  un- 
common peculiarity  in  it,  which  is,  that  there  is  a  bony  falx  of 
some  breadth,  but  no  bony  tentorium.  This  is  met  with  in  no 
quadruped  that  I  know  of :  it  is  found  in  a  small  degree  in  some 
birds,  as  the  spoon-bill,  and  the  parrot ;  but  not  at  all  so  as  to 
resemble  the  falx  in  this  animal. 

The  orifice  of  the  eye  lids  is  uncommonly  small,  for  the  size 
of  the  animal;  but  the  eye  itself  was  not  in  a  state  to  be 
examined. 

The  external  opening  of  the  ear  was  so  small  as  not  readily 
to  be  perceived:  it  is  simply  an  orifice;  but  the  meatus  en- 
larges considerably  beyond  the  size  of  the  opening,  and  passes 
some  way  under  the  skin,  before  it  reaches  the  organ,  which  in 
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this  specimen  had  been  destroyed.  In  the  duck,  the  orifice 
leading  to  the  ear  is  very  large,  when  compared  with  the  open- 
ing in  this  animal. 

When  we  consider  the  peculiarities  in  the  structure  of  the 
nose  of  this  animal,  which  lives  in  water,  it  is  natural  to  con- 
clude the  organ  is  fitted  to  smell  in  water,  and  the  external 
nostrils  are  so  placed,  to  enable  it  to  discover  its  prey  by  the 
smell;  for  that  purpose,  the  animal  can  apply  its  nose,  with  great 
ease,  to  the  small  recesses  in  which  its  prey  may  be  concealed. 

The  structure  of  the  beak  is  not  such  as  enables  it  to  take  a 
firm  hold ;  but,  when  the  marginal  lips  are  brought  together, 
the  animal  will  have  a  considerable  power  of  suction,  and  in 
that  way  may  draw  its  prey  into  its  mouth. 

EXPLANATION  OF  THE  FIGURES. 

Plate  XVIII. 

Fig.  1.  A  view  of  the  beak,  to  show  the  situation  of  the 
openings  of  the  external  nostrils,  marked  a  a. 

Fig.  2.  Another  view  of  the  beak,  exposing  the  under  portion. 

Fig.  3.  A  lateral  view,  to  show  the  opening  of  the  lips,  and 
the  situation  of  the  eye  and  ear.    a.  The  eye.    b.  The  ear. 

Plate  XIX. 

Fig.  1.  A  view  of  the  upper  jaw  and  palate,  to  shew  the  teeth 
in  their  situation. 

1 

Fig.  2.  A  similar  view  of  the  under  jaw. 

Fig.  3.  The  bones  which  form  the  beak  delineated,  and  the 
soft  surrounding  parts  only  marked  in  outline. 

Fig.  4.  A  similar  view  of  the  bones  forming  the  lower 
portion  of  the  beak. 
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XIX.  Experiments  on  the  solar,  and  on  the  terrestrial  Rays  that 
occasion  Heat ;  with  a  comparative  View  of  the  Laws  to  wbicb 
Light  and  Heat,  or  rather  the  Rays  wbicb  occasion  them,  are 
subject,  in  order  to  determine  whether  they  are  the  same,  or 
different.   By  William  Herschel,  LL.  D.  F.  R.  S. 

Part  II  * 
Read  November  6,  1800. 

In  the  first  part  of  this  Paper  it  has  been  shewn,  that  heat 
derived  immediately  from  the  sun,  or  from  candent  terrestrial 
substances,  is  occasioned  by  rays  emanating  from  them ;  and 
that  such  heat-making  rays  are  subject  to  the  laws  of  reflection, 
and  of  refraction.  The  similarity  between  light  and  heat,  in  these 
points,  is  so  great,  that  it  did  not  appear  necessary  to  notice 
some  small  difference  between  them,  relating  to  the  refraction 
of  rays  to  a  certain  focus,  which  will  be  mentioned  hereafter. 
But  the  next  three  articles  of  this  Paper  will  require,  that  while 
we  shew  the  similarity  between  light  and  heat,  we  should  at 

•  For  the  First  Part  of  thu  Paper,  $ee  page  393. 
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refrangibility  of  the  rays  of  heat  follows  of  course.  So  far  then, 
a  great  resemblance  again  takes  place. 

I  must  now  point  out  a  very  material  difference,  which  is,  that 
the  rays  of  heat  are  of  a  much  more  extensive  refrangibility 
than  those  of  light.  In  order  to  make  this  appear,  I  shall  de- 
lineate a  spectrum  of  light,  by  assuming  a  line  of  a  certain 
length  ;  and,  dividing  it  into  seven  parts,  according  to  the  di- 
mensions assigned  to  the  seven  colours  by  Sir  Isaac  Newton, 
in  the  fourth  figure  of  the  second  part  of  his  Optics,  I  shall 
represent  the  illuminating  power  of  which  each  colour  is  pos- 
sessed, by  an  ordinate  drawn  to  that  line.  And  here,  as  the 
absolute  length  of  the  ordi nates  is  arbitrary,  provided  they 
be  proportional  to  each  other,  I  shall  assume  the  length  of  that 
which  is  to  express  the  maximum,  equal  to  ~£  of  the  whole  line. 

Thus,  let  GQ  *  represent  the  line  that  contains  the  arrange- 
ment of  the  colours,  from  the  red  to  the  violet.  Then,  erecting 
on  the  confines  of  the  yellow  and  green  the  line  LR  =  ^  of 
GQ,  it  will  represent  the  power  of  illumination  of  the  rays  in 
that  place.  For,  by  experiments  already  delivered,  we  have 
shewn  that  the  maximum  of  illumination  is  in  the  brightest 
yellow  or  palest  green  rays.-f  From  the  same  experiments  we 
collect,  that  the  illuminations  of  yellow  and  green  are  equal  to 
each  other,  and  not  much  inferior  to  the  maximum  ;  this  gives 
us  the  ordinates  K  and  M.  Then,  by  the  rest  of  the  same  ex- 
periments, we  obtain  also  the  ordinates  H,  I,  N,  O,  P,  with 
sufficient  accuracy  for  the  purpose  here  intended.  All  these 
being  applied  to  the  middle  of  the  spaces  which  belong  to  their 
respective  colours,  we  have  the  figure  GRQG,  representing 
what  may  be  called  the  spectrum  of  illumination. 

•  Set  Plate  XX.  f  Sc*  page  261. 
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We  are  now,  in  the  same  manner,  to  find  a  figure  to  express 
the  heating  power  of  the  refracted  prismatic  rays,  or  what  may 
be  called  the  spectrum  of  heat.  In  order  to  determine  the 
length  of  our  base,  I  examined  the  extent  of  the  invisible  rays, 
and  found,  that  at  a  distance  of  two  inches  beyond  visible  red, 
my  thermometer,  in  a  few  minutes,  acquired  i£  degree  of  heat. 
•  The  extent  of  the  coloured  spectrum  at  that  time,  or  the  line 
which  answers  to  GQ  in  my  figure,  measured  2,997  inches.  If 
two  inches  had  been  the  whole  of  the  extent  of  the  invisible 
part,  it  might  be  stated  to  be  in  proportion  to  the  visible  one 
as  2  to  3 ;  but  we  are  to  make  some  allowance  for  a  small  space 
required  beyond  the  last  ordinate,  that  the  curve  of  the  heating 
power  drawn  through  it  may  reach  the  base ;  and  indeed,  at  2% 
inches  beyond  visible  red,  I  could  still  find  £  degree  of  heat.  It 
appears  therefore  sufficiently  safe,  to  admit  the  base  of  the  spec- 
trum of  heat  AQ,  to  be  to  that  of  the  spectrum  of  light  GQ,  as 
5i  to  3  **  or,  conforming  to  the  Newtonian  figure  before  men- 
tioned, the  base  of  which  Is  3,3  inches,  as  57^  to  33.  Now,  if 
we  assume  for  the  maximum  of  heat,  an  ordinate  of  an  equal 
length  with  that  which  was  fixed  upon  for  the  maximum  of 
light,  it  will  give  us  a  method  of  comparing  the  two  spectra 
together.  Accordingly,  I  have  drawn  the  several  ordinates 
B,  C,  D,  E,  F,  G,  H,  I,  K,  L,  M,  N,  O,  P,  of  such  lengths  as, 
from  experiments  made  on  purpose,  it  appeared  they  should  be, 
in  order  to  express  the  heat  indicated  by  the  thermometer,  when 
placed  on  the  base,  at  the  several  stations  pointed  out  by  the 
leuers. 

A  mere  inspection  of  the  two  figures,  which  have  been  drawn 
as  lying  upon  one  another,  will  enable  us  now  to  see  how  very 
differently  the  prism  disperses  the  heat-making  rays,  and  those 
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which  occasion  illumination,  over  the  areas  ASQA,  and  GRQG, 
of  our  two  spectra !  These  rays  neither  agree  in  their  mean 
refrangibility,  nor  in  the  situation  of  their  maxima.  At  R,  where 
we  have  most  light,  there  is  but  little  heat ;  and  at  S,  where  we 
have  most  heat,  we  find  no  light  at  all ! 

21st  Experiment.    The  Sines  of  Refraction  of  the  beat-making 
Rays,  are  in  a  constant  Ratio  to  the  Sines  of  Incidence. 

I  used  a  prism  with  a  refracting  angle  of  61  degrees ;  and, 
placing  the  thermometer  No.  4  half  an  inch,  and  No.  1  one 
inch,  beyond  the  last  visible  red  colour,  I  kept  No.  9  by  the  side 
of  the  spectrum,  as  a  standard  for  temperature. 


At  £  inch.  At  1  inch.  Standard. 

No.  4.  No.  1.  No.  2. 

o'       64      -  -  64  6si 

2        67      -  -  66      -  -  631- 

5        69       -  -  67       -  -  63! 

8        69i     -  -  67x     -  63i 


Here,  in  eight  minutes,  the  thermometer  at  half  an  inch  from 
visible  colour,  rose  5  \  degrees ;  and,  at  one  inch  from  the  same, 
the  other  thermometer  rose  31 ;  while  the  temperature,  as  ap- 
pears by  No.  2,  remained  without  change. 

I  now  took  a  prism  with  an  angle  of  forty-five  degrees,  and, 
placing  the  thermometers  as  before,  I  had  as  follows : 
55      -      -      55      -      -  55 

59      -      -      57      -      -  54i 

61  -      -      58      -      -  55 

62  -       -       5H  55 

Here  we  likewise  had,  in  10  minutes,  a  rise  of  7  degrees  in  the 
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^thermometer  No.  4,  and  of  gjin  No.  1 ;  while  No.  3  remained 
stationary. 

I  tried  now  all  the  three  angles  of  a  prism  of  whitish  glass: 
they  were  of  63,  62,  and  55  degrees;  and  I  found  invisible 
rays  of  heat  to  accompany  all  the  visible  spectra  given  by  these 
angles. 

I  tried  a  prism  of  crown  glass,  having  an  angle  of  30  degrees ; 
and  found  invisible  heat  rays  as  before. 

I  tried  a  prism  of  flint  glass,  with  so  small  an  angle  as  19 
degrees,  and  again  found  invisible  heat  rays. 

1  made  a  hollow  prism,  by  cementing  together  three  slips  of 
glass  of  an  equal  length,  but  unequal  breadth,  so  as  to  give  me 
different  refracting  angles:  they  were  of  51V 62°  30',  and  66° 
30':  Then,  filling  it  With  water,  and  receiving  the  spectrum, 
when  exposed  to  the  sun,  as  usual,  on  the  table,  I  placed  the 
thermometer  No.  1  at  ,45  inch  behind  the  visible  red  colour, 
and  No.  3  in  the  situation  of  the  standard.  The  refracting  angle 
of  the  prism  was  6V  30' ;  and,  in  five  minutes,  the  thermometer 
received  1 J  degrees  of  heat  from  the  invisible  rays.  On  trying 
the  other  angles,  I  likewise  found  invisible  heat  rays,  m  their 
usual  situation  beyond  the  red  colour. 

Now,  setting  aside  a  minute  inquiry  into  the  degrees  of  heat 
occasioned,  by  these  invisible  rays,  I  shall  here  only  consider 
them  as  an  additional  part*  annexed  to  the  different  quantities 
of  heat  which  are  found  to  go  along  with  the  visible  spectrum ; 
in  the  same  manner  as  if,  in  the  spectrum  of  light,  another  colour 
had  been  added  beyond  the  red.  Then,  as  from  the  foregoing 
experiments  it  appears,  that  a  change  of  the  refracting  medium, 
and  of  the  angle  by  which  the  refractions  were  made,  occasioned 
no  alteration  in  the  relative  situation  of  the  additional  part  AG, 
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with  respect  to  GQ;  and,  as  the  part  GQ  is  already  known  to 
follow  the  law  of  refraction  we  have  mentioned,  it  is  equally 
evident,  that  the  additional  heat  of  AG  must  follow  the  same 
law.  We  do  not  enter  into  the  dispersive  power  of  different 
mediums  with  respect  to  heat,  since  that  would  lead  us  farther 
than  the  present  state  of  our  investigation  could  authorise  us  to 
go';  the  following  experiment  however  will  shew  that,  as  with 
light  so  with  heat,  such  dispersive  power  must  be  admitted. 

22<f  Experiment.    Correction  of  the  different  Refrangibility  of 
Heat,  by  contrary  Refraction  in  different  Mediums. 

» 

I  took  three  prisms ;  one  of  crown  glass,  having  an  angle  of 
35  degrees  ;  another  of  flint  glass,  with  an  angle  of  24 ;  and  a 
third  of  crown  glass,  with  an  angle  of  10  degrees.  These  being 
put  together,  as  they  are  placed  when  experiments  of  achromatic 
refractions  are  to  be  made,  I  found  that  they  gave  a  spectrum 
nearly  without  colour.  The  composition  seemed  to  be  rather  a 
little  over  adjusted  ;  there  being  a  very  faint  tinge  of  red  on 
the  most  refracted  side,  and  of  violet  on  the  least  refracted 
margin.    I  examined  both  extremes  by  two  thermometers ; 
keeping  No.  3  as  a  standard,  while  No.  2  was  applied  for  the 
discovery  of  invisible  rays ;  but  I  found  no  heat  on  either  side. 
•   After  this,  I  placed  No.  2  in  the  middle  of  the  colourless  illu- 
mination ;  and  in  a  little  time  it  rose  two  degrees,  while  No.  3 
still  remained  unaltered  at  some  small  distance  from  the  spec- 
trum. This  quantity  was  full  as  much  as  I  could  expect,  con- 
sidering the  heat  that  must  have  been  intercepted  by  three 
prisms.  Thus  then  it  appears,  that  the  different  refrangibility 
of  heat,  as  well  as  tliat  of  light,  admits  of  prismatic  correction. 
And  we  may  add,  that  this  experiment  also  tends  to  the  estab- 
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Hshment  of  the  contents  of  the  preceding  one;  for  the  refran- 
gibility  of  heat  rays  could  not  be  thus  corrected,  were  the  sines 
of  refraction  not  in  a  constant  ratio  to  those  of  incidence. 

zyd  Experiment.   In  Burning-glasses,  the  Focus  of  the  Rays  of 
Heat  is  different  from  the  Focus  of  the  Rays  of  Light, 

I  placed  my  burning  lens,  with  its  aperture  reduced  to  three 
inches,  in  order  to  lessen  the  aberration  arising  from  the  sphe- 
rical figure,  in  the  united  rays  of  the  sun;  and,  being  now 
apprised  of  the  different  refrangibility  of  the  rays  of  heat,  and 
knowing  also  that  the  least  refrangible  of  them  are  the  most 
efficacious,  I  examined  the  focus  of  light,  by  throwing  hair- 
powder,  with  a  puff,  into  the  air.  This  pointed  out  the  mean 
focus  of  the  illuminating  rays,  situated  in  that  part  of  the  pencil 
which  opticians  have  shewn  to  be  the  smallest  space  into  which 
they  can  be  collected.  That  this  may  be  called  the  focus  of  light, 
our  experiments,  which  have  proved  the  maximum  of  illumi- 
nation to  be  situated  between  the  yellow  and  green,  and  there- 
fore among  the  mean  refrangible  rays  of  light,  have  fully  estab- 
lished. The  mean  focus  being  thus  pointed  out  by  the  reflection 
of  light  on  the  floating  particles  of  powder,  I  held  a  stick  of 
sealing  wax  i",6\  or  four  beats  of  my  chronometer,  in  the  con-* 
tracted  pencil,  half  an  inch  nearer  to  the  lens  than  the  focus. 
In  this  time,  no  impression  was  made  upon  the  wax.  I  applied 
it  now  half  an  inch  farther  from  the  lens  than  that  focus ;  and, 
in  8-tenths  of  a  second,  or  two  beats  of  the  same  chronometer, 
it  was  considerably  scorched.  Exposing  the  sealing  wax  also 
to  the  focus  of  light,  the  effect  was  equally  strong  in  the  same 
time ;  from  which  we  may  safely  conclude,  notwithstanding  the 
little  accuracy  that  can  be  expected,  for  want  of  a  more  proper 
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apparatus,  from  so  coarse  an  experiment,  that  the  focus  of  heat, 
in  this  case,  was  certainly  farther  removed  from  the  lens  than 
the  focus  of  light,  and  probably  not  less  than  ^  of  an  inch  ;  the 
heat,  at  half  an  inch  beyond  the  focus  of  light,  being  still  equal 
to  that  in  the  focus. 

Article  v. — Transmission  of  beat-making  Rays. 

We  enter  now  on  the  subject  of  the  transmission  of  heat 
through  diaphanous  bodies.  Our  experiments  have  hitherto 
been  conducted  by  the  prism,  the  lens,  and  the  mirror;  these 
may  indeed  be  looked  upon  as  our  principal  tools,  and,  as  such, 
will  stand  foremost  in  all  our  operations ;  but  the  scantiness  of 
this  stock  cannot  allow  us  to  bring  our  work  to  perfection. 
Nor  is  it  merely  the  want  of  tools,  but  rather  the  natural 
imperfection  of  those  we  have,  that  hinders  our  rapid  progress. 
The  prism  which  we  use  for  separating  the  combined  rays  of 
the  sun,  refracts,  reflects,  transmits,  and  scatters  them  at  the 
same  time ;  and  the  laws  by  which  it  acts,  in  every  one  of  these 
operations,  ought  to  be  investigated.  Even  the  cause  of  the 
most  obvious  of  its  effects,  the  separation  of  the  colours  of  light, 
is  not  well  understood ;  for,  in  two  prisms  of  different  glass, 
when  the  angles  are  such  as  to  give  the  same  mean  refraction, 
the  dispersive  power  is  known  to  differ.  Their  transmissions 
have  been  still  less  ascertained ;  and  I  need  not  add,  that  the 
internal  and  external  reflexions,  and  the  scattering  of  rays  on 
every  one  of  the  surfaces,  are  all  of  such  a  nature  as  must 
throw  some  obscurity  on  every  result  of  experiments  made 
with  prisms.  A  lens  partakes  of  all  the  inconveniencies  of  the 
prism ;  to  which  its  own  defects  of  spherical  aberrations  must 
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be  added.  And  a  miFror,  besides  its  natural  incapacity  of  sepa- 
rating the  rays  of  light  from  the  different  sorts  of  heat,  scatters 
them  very  profusely.  But,  if  we  have  been  scantily  provided 
with  materials  to  act  upon  rays,  it  has  partly  been  our  own 
fault :  every  diaphanous  body  may  become  a  new  tool,  in  the 
hands  of  a  diligent  inquirer. 

My  apparatus  for  transmitting  the  rays  of  the  sun  is  of  the 
following  construction.  *  In  a  box,  1 2  inches  long,  and  8  inches 
broad,  are  fixed  two  thermometers.  The  sides  of  the  box  are 
2^  inches  deep.  That  part  of  the  box  where  the  balls  of  the 
thermometers  are,  is  covered  by  a  board,  in  which  are  two 
holes  of  \  inch  diameter,  one  over  each  of  the  balls  of  the 
thermometers ;  and  the  bottom  of  the  box,  under  the  cover,  is 
cut  away,  so  as  to  leave  these  balls  freely  exposed.  There  is  a 
partition  between  the  two  thermometers,  in  that  part  of  the  box 
which  is  covered,  to  prevent  the  communication  of  secondary 
scatterings  of  heat.  Just  under  the  opening  of  the  transmitting 
holes,  on  the  outside  of  the  cover,  is  fixed  a  slip  of  wood,  on 
which  may  rest  any  glass  or  other  object,  of  which  the  trans- 
mitting capacity  is  to  be  ascertained.  A  thin  wooden  cover  is 
provided,-)-  that  it  may  be  laid  over  the  transmitting  holes,  occa- 
sionally, to  exclude  the  rays  of  the  sun ;  and,  on  the  middle  of 
the  slip  of  wood,  under  the  holes,  a  pin  is  to  be  stuck  perpen- 
dicularly, that  its  shadow  may  point  out  the  situation  of  the 
box  with  respect  to  the  sun.  The  box,  thus  prepared,  is  to  be 
fastened  upon  two  short  boards,  joined  together  by  a  pair  of 
hinges.  A  long  slip  of  mahogany  is  screwed  to  the  lowest  of 
these  boards,  and  lies  in  the  hollow  part  of  a  long  spring, 
fastened  against  the  side  of  the  upper  one.  The  pressure  of  the 

•  Sec  Plate  XXI.  Fig.  1.  f  See  Fig.  z. 
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spring  must  be  sufficiently  strong  to  keep  the  boards  at  any 
angle;  and  the  slip  cf  mahogany  long  enough  to  permit  an 
elevation  of  about  85  degrees. 

In  order  to  see  whether  all  be  properly  adjusted,  expose  the 
apparatus  to  the  sun,  and  lift  up  the  board  which  carries  the 
box,  till  the  directing  pin  throws  the  shadow  of  its  head  on  the 
place  where  the  point  is  fastened.  Then  liold  a  sheet  of  paper 
under  the  box,  and,  if  the  thermometers  have  been  properly 
placed,  the  shadow  of  their  balls  will  be  in  the  centre  of  the 
rays  passing  through  the  transmitting  holes  to  the  paper. 

A  screen  of  a  considerable  size,*  with  a  parallelogrammic 
opening,  should  be  placed  at  a  good  distance,  to  keep  the  sun's 
rays  from  every  part  of  the  apparatus,  except  that  which  is 
under  the  cover;  and  no  more  sun  should  be  admitted  into  the 
room,  than  what  will  be  completely  received  on  the  screen,  inter- 
posed between  the  window  and  the  apparatus. 

■ 

As  one  of  the  thermometers  is  to  indicate  a  certain  quantity 
of  heat  coming  to  it  by  the  direct  ray,  while  the  other  is  to 
shew  how  much  of  it  is  stopped  by  the  glass  laid  over  the  trans- 
mitting hole,  it  becomes  of  the  utmost  consequence  to  have  two 
thermometers  of  equal  sensibility^   The  difficulty  of  getting 

•  Sec  Plate  XXII.  Fig.  i. 

t  The  theory  of  the  sensibility  of  thermometers,  as  far  as  it  depends  on  the  size  of 
the  balls,  may  be  considered  thus.  Let  D,  d,  S,  s,  T,  t  be  the  diamettrs,  the  points 
on  which  the  sun  acts,  and  the  points  on  which  the  temperature  acts,  of  a  large  and  a 
small  thermometer  having  spherical  balls ;  and  let  x  I  y  be  the  intensity  of  the  actiou 
of  the  sun,  to  the  intensity  of  the  action  of  the  temperature,  on  equal  points  of  the 
surface  of  both  thermometers.  Then  we  have  s  :  S  : :  rf*  :  D\  and  t  ;  T  : :  4<f*  :  4  D*. 
The  action  of  the  sun  therefore  will  be  expressed  by  d*  x,  D*  * ;  and  that  of  the  tem- 
perature by4«Py,  4D*;y;  and  the  united  action  of  both  by*  —  4y  x  i-4jfXD'j 
which  are  to  each  other,  as  <f» ;  D\    Now,  the  total  effect  being  as  the  squares  of  the 

3  M  3 
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such  is  much  greater  than  can  be  imagined  :  a  perfect  equality 
in  the  size  and  thickness  of  the  balls  is,  however,  the  most 
essential  circumstance.  When  two  are  procured,  they  should  be 
tried  in  quick  and  in  slow  exposures.  These  terms  may  be 
explained  by  referring  to  fire  heat ;  for  here  the  thermometers 
may  be  exposed  so  as  to  acquire,  for  instance,  30  degrees  of 
heat  in  a  very  short  time ;  which  may  then  be  called  a  quick 
exposure :  or  they  may  be  placed  so  as  to  make  it  require  a 
good  while  to  raise  them  so  many  degrees ;  on  which  account 
the  exposure  may  be  called  slow.  It  is  true,  that  we  have  it  not 
in  our  power  to  render  the  sun's  rays  more  or  less  efficacious, 
and  therefore  cannot  have  a  quick  or  slow  exposure  at  our  com- 
mand; but  a  great  difference  will  be  found  in  the  heat  of 
a  rising,  or  of  a  meridian  sun :  not  to  mention  a  variety  of 
other  causes,  that  influence  the  transmission  of  heat  through  the 
atmosphere.  Now,  when  thermometers  are  tried  in  various 
exposures,  they  should  traverse  their  scales  together  with  con- 
stant equality ;  otherwise  no  dependance  can  be  placed  on  the 
results  drawn  from  experiments  made  with  them,  in  cases 
where  only  a  few  minutes  can  be  allowed  for  the  action  of  the 
cause  whose  influence  we  are  to  investigate. 

The  balls  must  not  be  blacked ;  for,  as  we  have  already  to 
encounter  the  transmitting  capacity  of  the  glass  of  which  these 
balls  are  made,  it  will  not  be  safe  to  add  to  this  the  transmitting 
disposition  of  one  or  more  coats  of  blacking,  which  can  never 

diameters,  while  i ;  y  remain  in  their  incipient  ratio,  and  the  contents  of  the  thermo- 
meters being  as  the  cubes,  the  sensible  effect  produced  on  the  particles  of  mercury, 

,„us>b=,s Th< ™* ^ 

meter  therefore  will  set  off  with  a  sensibility  greater  than  that  of  the  large  one,  in  the 
same  ratio. 
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be  brought  to  an  equality,  and  are  always  liable  to  change, 
especially  in  very  quick  exposures. 

Transmission  of  Solar  Heat  through  colourless  Substances. 

24th  Experiment. 

I  laid  a  piece  of  clear  transparent  glass,  with  a  bluish-white 
cast,  upon  one  of  the  holes  of  the  transmitting  machine :  the 
faces  of  this  glass  are  parallel,  and  highly  polished.  Then,  put- 
ting the  cover  over  both  holes,  I  placed  the  machine  in  the 
situation  where  the  experiment  was  to  be  made,  and  let  it  remain 
there  a  sufficient  time,  that  the  thermometers  might  assume  a 
settled  temperature.  For  this  purpose,  an  assistant  thermometer, 
which  should  always  remain  in  the  nearest  convenient  place  to 
the  apparatus,  will  be  of  use,  to  point  out  the  time  when  the 
experiment  may  be  begun  ;  for  this  ought  not  to  be  done,  till 
the  thermometers  to  be  used  agree  with  the  standard.  In  order 
not  to  lose  time  after  an  experiment,  the  apparatus  may  be 
taken  into  a  cool  room,  or  current  of  air,  till  the  thermometers 
it  contains  are  rather  lower  than  the  standard ;  after  which, 
being  brought  to  the  required  situation,  they  will  soon  be  fit 
for  action. 

All  these  precautions  having  been  taken,  I  began  the  experi- 
ment by  first  writing  down  the  degrees  of  the  thermometers ; 
then,  opening  the  cover  at  the  time  that  a  clock  or  watch  shew- 
ing seconds  came  to  a  full  minute,  I  continued  to  write  down  the 
state  of  the  thermometers  for  not  less  than  five  minutes.  The 
result  was  as  follows. 
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No.  5. 


Sun. 


3 
4 

5 


1 


67 

7°£ 
7*1 
7*1 
73 


69* 


70 
7°f 


67 

68£ 


y  •  •  •  o  :  4-5-  — ,' 


75o 


Here  the  sun  communicated,  in  5  minutes,  6  degrees  of  heat 
to  the  tl>ermometer  No.  5,  which  was  openly  exposed  to  its 
action ;  while,  in  the  same  time,  No.  1  received  only  4!  degrees 
by  rays  transmitted  through  the  bluish-white  glass :  then,  as 
6  :  4i  :  :  1  :  ,750.  This  shews  plainly,  that  only  $  of  the  inci- 
dent heat  were  transmitted,  and  therefore  that  \  of  it  was 
intercepted  by  the  glass. 

I  shall  here,  as  well  as  in  the  following  experiments,  point 
out  the  difference  between  heat  and  light,  in  order,  as  has  been 
mentioned  before,  to  lead  to  an  elucidation  of  our  last  discus- 
sion. To  effect  this,  therefore,  I  have  ascertained,  with  all  the 
accuracy  the  subject  will  admit  of,  the  quantity  of  light  trans- 
mitted through  such  glasses  as  I  have  used ;  but,  as  it  would 
here  interrupt  the  order  of  our  subject,  I  have  joined,  at  the 
end  of  this  Paper,  a  table,  with  a  short  account  of  the  method 
that  has  been  used  in  making  it,  wherein  the  quantity  of 
light  transmitted  is  set  down ;  and  to  this  table  I  shall  now 
refer. 

To  render  this  comparative  view  more  clear,  we  may  sup- 
pose always  1000  rays  of  heat  to  come  from  the  object:  then, 
750  being  transmitted,  it  follows,  that  the  bluish-white  glass 
used  in  our  experiment  stops  250  of  them ;  and,  by  the  table  at 
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the  end  of  this  Paper,  it  stops  86  rays  of  light;  the  number  of 
them  coming  from  the  object  also  being  put  equal  to  1000. 

It  should  be  remarked,  that  when  I  compare  the  interception 
of  solar  heat  with  that  of  the  light  of  a  candle,  it  must  not  be 
understood  that  I  take  terrestrial  to  be  the  same  as  solar  light ; 
but,  not  having  at  present  an  opportunity  of  providing  a  similar 
table  for  the  latter,  I  am  obliged  to  use  the  former,  on  a  suppo- 
sition, that  the  quantity  stopped  by  glasses  may  not  be  very 
different. 

Experiment. 

I  took  a  piece  of  flint  glass,  about  2|  tenths  of  an  inch  thick, 
and  fastened  it  over  one  of  the  holes  of  the  transmitting  appa- 
ratus. 


No  5. 

No.  1. 

Sun. 

Flint  glm. 

7i 

7»* 

74i 

73* 

74i 

74 

75i 

74*  •  •  •  5j  :  5  =  > 

Here  the  heat-making  rays  gave,  in  5  minutes,  degrees  to 
the  thermometer  No.  5 ;  and,  by  transmission  through  the  flint 
glass,  5  degrees  to  No.  1.  Then,  proceeding  as  before,  we  have 

^  =  ,909;  which  shews  that  91  rays  of  heat  were  stopped. 

In  the  table  before  referred  to,  we  find  that  this  glass  stops  34, 
rays  of  light. 

Before  I  proceed,  it  will  be  necessary  to  adopt  a  method  of 
reducing  the  detail  of  my  experiments  into  a  narrower  corn- 
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pass.  It  will  be  sufficient  to  say,  that  they  have  all  been  made 
on  the  same  plan  as  the  two  which  have  been  given.  The 
observations  were  always  continued  for  at  least  five  minutes ; 
and,  by  examining  the  ratios  of  the  numbers  given  by  the  ther- 
mometers in  all  that  time,  it  may  be  seen  that,  setting  aside  little 
irregularities,  there  is  a  greater  stoppage  at  first  than  towards 
the  end  ;  but,  as  it  would  not  be  safe  to  take  a  shorter  exposure 
than  five  minutes,  on  account  of  the  small  quantity  of  heat 
transmitted  by  some  glasses,  I  have  fixed  upon  that  interval  as 
sufficiently  accurate  for  giving  a  true  comparative  view.  The 
experiments  therefore  may  now  stand  abridged  as  follows. 

2,6th  Experiment. 

I  took  a  piece  of  highly  polished  crown  glass,  of  a  greenish 
colour,  and,  cutting  it  into  several  parts,  examined  the  transmit- 
ting power  of  one  of  them,  reserving  the  other  pieces  for  some 
other  experiments  that  will  be  mentioned  hereafter. 

Sun.  Greenish  crown  glass. 

o'  66^  66> 

5  73  7ii"-^:5  =  »74i 

This  glass  therefore  stops  259  rays  of  heat,  and  203  of  light. 

zjtb  Experiment. 

I  cut  likewise  a  piece  of  coach  glass  into  several  parts,  and 
tried  one  of  them,  reserving  also  the  other  pieces  for  future 
experiments. 

Sun.  Coach  glass. 

o'  68J  68f- 

5  75i  74$  •  •  •  7  •  5i  =  *7*6 

It  stops  214  rays  of  heat,  and  168  of  light 
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2$tb  Experiment. 

I  examined  a  piece  of  Iceland  crystal,  of  nearly  two-tenths  of 
an  inch  in  thickness. 

•  ■ 

Sun.  Iceland  c ry iu! . 

o'  Gj  67 

It  stops  244  rays  of  heat,  and  150  of  light. 

29th  Experiment. 

Sun.  Talc. 

o'  67i 

5  72  7i|--.4i---3j=»8ei 

It  stops  139  rays  of  heat,  and  90  of  light. 

30//6  Experiment. 

Sun.  An  euily  olciublc  ttfci 

o'  50  50 

5  54i  53B----4{:3¥=>816 

It  stops  184  rays  of  heat,  and  288  of  light. 

Transmission  of  solar  Heat  through  Glasses  of  the  prismatic 

Colours. 

31  Experiment. 

San.  Very  dark  red  gtm . 

*'  73  73 

5  79i  74i---6i:  1i=»2°o 

This  glass  stops  800  rays  of  heat,  and  9999,  out  of  ten  thou- 
sand, rays  of  light ;  which  amounts  nearly  to  a  total  separation 
of  light  from  heat. 
mdccc  3  N 
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$id  Experiment. 

Sun.  Dark-red  glau. 

This  red  glass  stops  only  606  rays  of  heat,  and  above  4999, 
out  of  five  thousand,  rays  of  light. 

33<i  Experiment. 

Sun.  Orange  glau. 

o'  .  67}  67I 

5  74t  7<>i  •  •  •  6l   2f  =  »S9^ 

This  orange-coloured  glass  stops  604  rays  of  heat,  which  is 

nearly  as  much  as  is  stopped  by  the  last  red  one ;  but  it  stops 

only  779  rays  of  light. 

34*6  Experiment. 

Sun.  Yellow  glau. 

7°r  7°i 

74i  73  ■  •  •  Si  :  «i  =  »^7 

It  stops  333  rays  of  heat,  and  319  of  light. 

$5tb  Experiment. 


o'  7°i  7°i 

5  74*  7i£  •  •  -3i  :  H  =  ^7 

It  stops  633  rays  of  heat,  and  only  535  of  light. 

36th  Experiment. 

Sun  Daik-green  glau. 

o'  67*  67i 

5  74i  68J....6*  :i  =  ,i5i 
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This  glass  stops  849  rays  of  heat,  and  949  of  light  This 
accounts  for  its  great  use  as  a  darkening  glass  for  telescopes. 


•    ffitb  Experiment. 

Sua.  Bluuh-gieen  glaw. 

o'  69i  69I 

5  iH  7*  ...7*  i*«»*a« 

It  stops  768  rays  of  heat,  and  769  of  light. 

■ 

38/A  Experiment. 

Sun.  Pile.blue  gUu. 

o'  7o£  70! 

5  7«i  7i£.  ..6:i£  =  ,i88 

The  pale  blue  glass  stops  not  less  than  812  rays  of  heat,  and 
only  684  of  light. 

39/6  Experiment. 

Sun.  Dark-blue  glu». 

o'  71  71 

5  76*  74i  •  •  •  5*  :  Si  = 

The  dark-blue  glass  stops  only  362  rays  of  heat,  and  801  of 

light. 

4fOtb  Experiment. 


o'  61^  61% 

5  67i  64  •  •  •  6i  '  *i  =  >367 

This  glass  stops  633  rays  of  heat,  and  9997,  out  of  ten  thou- 
sand, rays  of  light. 
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415/  Experiment. 


o'  62  62 

It  stops  53a  rays  of  heat,  and  978  of  light. 

4f2d  Experiment. 

Sua.  Purpte  glut. 

5  67J  64i...e:H=:,4i7 

It  stops  583  rays  of  heat,  and  993  of  light 

43^  Experiment. 

Sun.  Violet  glm. 

68|  $5i- •  .5¥:3  =  »5ii 

It  stops  489  rays  of  heat,  and  955  of  light. 

Transmission  of  Solar  Heat  through  Liquids. 

I  took  a  small  tube,  i£  inch  in  diameter,*  and  fixed  a  stop 
with  a  hole  \  inch  wide  at  each  end,  on  which  a  glass  might 
be  fastened,  so  as  to  confine  liquids.  The  inner  distance,  or 
depth  of  the  liquid,  when  confined,  is  three  inches.  Placing  now 
the  empty  tube,  with  its  two  end  glasses  fixed,  upon  the  trans- 
mitting apparatus,  I  had  as  follows : 

44*6  Experiment. 


o'  ,   53  53 

5  59  55i.-.6:*i  =  )4$8 

•  Sec  Plate  XXII.  Fig.  2. 
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These  glasses,  with  the  intermediate  air,  stop  54,8  rays  of 
heat,  and  204,  of  light. 

4,5th  Experiment. 

I  filled  the  tube  with  well-water,  and  placed  it  on  the  trans- 
mitting apparatus. 

Sun.  Well-water. 

5  5H  55  •  •  •  H  :  *t  =  >443 
Here  two  glasses,  with  water  between  them,  stopped  558 

rays  of  heat.   The  same  glasses,  and  water,  stop  only  2 1 1  rays 

of  light.  If  we  were  to  deduct  the  effect  of  the  empty  machine, 

there  would  remain,  for  the  water  to  stop,  only  16  rays  of  heat, 

and  7  of  light;  but  it  cannot  be  safe  to  make  this  conclusion,  as 

we  are  not  sufficiently  acquainted  with  the  action  of  surfaces 

between  the  different  mediums  on  the  rays  of  heat  and  light ; 

I  shall  therefore  only  notice  the  effect  of  the  compound. 

46//)  Experiment. 

■  *  * 

I  filled  now  the  tube  with  sea-water,  taken  from  the  head  of 
the  pier  at  Ramsgate,  at  high  tide. 

60  56  5t:i|  =  >3i8 

The  compound  stops  682  rays  of  heat,  and  288  of  light. 

4,7/6  Experiment'. 

Sun.  Spirit  of  wine. 

°'     :  •     5H  5H 

6  57i  54...6i:2|=,388 
The  compound' stops  612  rays  of  heat,  and  224  of  light. 
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$tb  Experiment.  . 

Sun.  Cin. 

O*  52  5* 

5  57i  53i-  •  •  5i'  ii  =  ,26i 

This  compound  stops  739  rays  of  heat,  and  626  of  light 

* 

49*6  Experiment. 

Sun.  Brandy. 

o'  56  56 

5  6°£  •  •  •  4i  = 

This  stops  794  rays  of  heat,  and  996  rays  of  light. 

Other  liquids  have  also  been  tried ;  but  the  experiments  hav- 
ing been  attended  with  circumstances  that  demand  a  further 
investigation,  they  cannot  now  be  given. 

Transmission  of  solar  Heat  through  scattering  Substances. 

50th  Experiment. 
I  rubbed  one  of  the  pieces  of  crown  glass,  mentioned  in  the 
26th  experiment,  on  fine  emery  laid  on  a  plain  brass  tool,  to 
make  the  surface  of  it  rough,  which,  it  is  well  known,  will 
occasion  the  transmitted  light  to  be  scattered  in  all  directions. 
Supposing  that  it  would  have  the  same  effect  on  heat,  I  tried 
the  transmitting  capacity  of  the  glass,  by  exposing  it  with  the 
rough  side  towards  the  sun,  over  one  of  the  transmitting  holes 
of  the  apparatus. 

Sun.  Crown  glut ;  one  tide  nibbed  on  emery. 

o'  67  67 

5  74  704  •  •  •  7  =  Si  =  >536 

The  glass  so  prepared  stops  464  scattered  rays  of  heat,  and  854 

of  light.  Now,  as  the  same  glass,  in  its  polished  state,  trans- 
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mitted  259  rays  of  heat,  and  203  of  light,  the  alteration  pro- 
duced in  the  texture  of  its  surface  acts  very  differently  upon 
these  two  principles;  occasioning  an  additional  stoppage  of 
only  205  rays  of  heat,  but  of  651  rays  of  light. 

51st  Experiment. 
One  of  the  pieces  of  coach  glass,  mentioned  in  the  27th 
experiment,  was  prepared  in  the  same  manner. 

Sua.  Coach  glass  ;  one  side  robbed  on  emery, 

the  rough  side  exposed. 

o'  66\l  66i 

5  7Si  691... 7:3  =  429 

It  stops  571  scattered  rays  of  heat,  and  885  of  light;  so  that 

the  fine  scratches  on  its  surface,  made  by  the  operation  of 

emery,  have  again  acted  very  differently  upon  the  rays  of  heat, 

and  of  light,  occasioning  an  additional  stoppage  of  375  of  the 

former,  but  of  no  less  than  717  of  the  latter. 

5%d  Experiment. 
I  took  another  of  the  pieces  of  crown  glass,  mentioned  in  the 
26th  experiment,  and  rubbed  both  sides  on  emery. 

Sun.  Crown  glass  ;  both  sides  rubbed  on  emery. 

o'  69i  69X 

5  75i  7»i---6: 2  =  ,333 

The  glass  thus  prepared,  stops  667  scattered  rays  of  heat, 

and  932  of  light. 

53d  Experiment. 
Another  piece  of  coach  glass,  one  of  those  that  were  men- 
tioned in  the  27th  experiment,  was  prepared  in  the  same 
manner. 
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Sun.  Coach  gUu  t  both  sides  nibbed  en 

o'  69$  69i 

5  75|  71*. ..6£:  ii=:,265 

It  stops  735  scattered  rays  of  heat,  and  946  of  light. 

5%tb  Experiment, 

I  placed  now  the  coach  glass,  one  side  of  which  had  been 
rubbed  on  emery,  upon  the  transmitting  hole,  and  over  it  the 
crown  glass  prepared  in  the  same  manner,  both  with  the 
rough  side  towards  the  sun ;  but  two  slips  of  card  were  placed 
between  the  glasses,  to  keep  them  from  touching  each  other. 

J  Crown  glass.  \  One  lide  of  eich  rubbed 
1.  J     on  < 


\Coich  gla$i. 

o'  67  67 

5  7Si  69.  .  .  6f  :  2=  ,302 

These  glasses  stop  698  scattered  rays  of  heat,  and  969  of 
light. 

55th  Experiment. 

I  placed  now  the  coach  glass,  with  both  sides  rubbed  on 
emery,  on  the  transmitting  hole,  and  over  it  the  crown  glass 
prepared  in  the  same  manner,  with  two  slips  of  card  between 
them,  to  prevent  a  contact. 

.  .  f  Coich  glut.   1  Boih  tides  of  eich  rubbed  on 

Sun*  \Crown  glut.  f  emery. 

o'  69!  69% 

5  75j  7°T---6i:  ii  =  ,2oo 

These  glasses  stop  800  scattered  rays  of  heat,  and  979  of 
light. 

$6tb  Experiment* 

I  used  now  all  the  four  glasses;  placing  them  as  follows, 
and  putting  slips  of  card  between  them,  to  prevent  a  contact. 
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{Crown  glass;  the  rough  side  to  the  sun. 
Coach  glass;  ditto. 
Ciown  glass;  rough  on  both  tide*. 
Coach  glass;  ditto. 

°'  57i  57i 

5  62$  &i  . . .  si :  i  =  ,146 

These  four  glasses  stop  no  more  than  854  scattered  rays  of 

heat,  and  995  of  light. 

5Jtb  Experiment. 

I  used  now  a  piece  of  glass  of  an  olive  colour,  burnt  into  the 
glass,  in  the  manner  that  glasses  are  prepared  for  church 
windows,  which  transmits  only  scattered  light. 

Sun.  Olive-coloured  glass. 

O'  69  69 

5  76I  76$ . . .  n  1  ii  =  ,16V 

This  glass  stops  839  scattered  rays  of  heat,  and  984  of  light 

5%tb  Experiment. 

Sun.  Calcined  talc. 

5  55«"  5*t  •  •  •  3t  •  \  =  >!3S 

This  substance  stops  867  scattered  rays  of  heat,  and  so  much 

light  that  the  sun  cannot  be  perceived  through  it.* 

59th  Experiment. 

Sun.  White  paper 

o'  6$  63 

5  68  63$  .  .  .  5  :  J  =  ,150 

This  substance  stops  850  scattered  rays  of  heat,  and  994  of 
light. 

•  See  the  175th  Experiment. 
MDCCC.  1  3  O 
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6otb  Experiment. 


o'  63  63 

5  63^  .  . .  6  1  £  =  ,0833 

White  linen  stops  916  scattered  rays  of  heat,  and  952  of 
light. 

615/  Experiment. 

Sun.  White  pcr*i»n. 

cf  70  70 

5  7<5£  7H  •  •  ■  6i'  *i  =  »24° 

This  thin  silk  stops  760  scattered  rays  of  heat,  and  916  of 

light. 

6o,d  Experiment. 

Son.  Black  mu»lin. 

70  $6i  . . .  si  '  H  =  >*86> 

This  substance  stops  714  scattered  rays  of  heat,  and  737  of 
light. 

Transmission  of  terrestrial  Flame-beat  through  various  Substances. 

My  apparatus  for  the  purpose  of  transmitting  flame-heat  is 
as  follows.*  A  box  22  inches  long,  5%  broad,  and  i£  deep,  has 
a  hole  in  the  centre  1-^  inch  in  diameter,  through  which  a  wax 
candle,  thick  enough  entirely  to  fill  it,  is  to  be  put  at  the  bot- 
tom; the  box  being  properly  elevated  for  the  purpose.  There 
must  be  two  lateral  holes  in  the  bottom,  2  inches  long,  and  i^- 
broad,  one  on  each  side  of  the  candle,  to  supply  it  with  a  cur- 
rent of  air,  as  otherwise  it  will  not  give  a  steady  flame,  which 
is  absolutely  necessary.  At  the  distance  of  1  r3^  inch  from  the 
candle,  on  each  side,  are  two  screens,  12  inches  square,  with 

•  Sec  Plate  XXIII.  Fig  1. 
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a  hole  in  each,  |  inch  in  diameter,  through  which  the  heat  of  the 
candle  passes  to  the  two  thermometers,  which  are  to  be  placed 
in  opposite  directions,  one  on  each  side  of  the  table.  Care  must 
be  taken  to  place  them  exactly  at  the  same  distance  from  the 
centre  of  the  flame,  as  otherwise  they  will  not  receive  equal 
quantities  of  heat.  The  scales,  and  their  supports  also,  must  be 
so  kept  out  of  the  way  of  heat  coming  from  the  candle,  that  they 
may  not  scatter  it  back  on  the  balls,  but  suffer  all  that  is  not 
intercepted  by  them  to  pass  freely  forwards  in  the  box,  and 
downwards,  through  openings  cut  in  the  bottom.  Before  the 
transmitting  holes,  between  the  two  wooden  screens,  must  be 
two  covers  of  the  same  material,  close  to  the  openings  ;  *  and  it 
will  be  necessary  to  join  these  covers  at  the  side,  by  a  common 
handle,  that  they  may  be  removed  together,  without  disturbing 
any  part  of  the  apparatus,  when  the  experiment  is  to  begin. 

The  glasses  are  to  be  put  before  the  thermometer,  close  to 
the  transmitting  hole,  by  placing  them  on  a  small  support 
below,  while  the  upper  part  is  held  close  to  the  screen  by  a 
light  plummet,  suspended  by  a  thread  which  is  fastened  on  one 
side,  and  passes  over  the  glass,  to  a  hook  on  the  other  side. 

In  making  experiments,  many  attentions  are  necessary,  such 
as,  keeping  the  candle  exactly  to  a  certain  height,  that  the 
brightest  part  of  the  flame  may  be  just  in  the  centre  of  the  two 
transmitting  holes :  that  the  wick  may  be  always  straight,  and 
not,  by  bending,  approach  nearer  to  one  thermometer  than 
to  the  other :  that  the  wax-cup  of  the  candle  be  kept  clean, 
and  never  suffered  to  run  over,  &c. 

Before,  and  now  and  then  between,  the  observations  also,  the 
thermometers  must  be  tried  a  few  degrees,  that  it  may  be  seen 

•  See  Fig.  2. 
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whether  they  act  equally;  and  the  candle,  during  the  time  they 
cool  down  to  the  temperature,  must  be  put  out  by  an  extin- 
guisher, large  enough  to  rest  on  the  bottom  of  the  box,  without 
touching  any  part  of  the  wax.  Many  other  precautions  I  need 
not  mention,  as  they  will  soon  be  discovered  by  any  one  who 
may  repeat  such  experiments. 

6$d  Experiment. 

Candle.  Blu'uh-white  glats* 

o'  591  59i 

5  6Y|  6of  .  .  .  3  :  i£  =  ,375 

From  this  experiment  we  find,  that  while  the  rays  of  the 
candle  gave  3  degrees  of  heat  to  the  thermometer  openly  ex- 
posed to  their  action,  the  other  thermometer,  which  received 
the  same  rays  through  the  medium  of  the  interposed  glass,  rose 
only  i£  degrees.  Hence  we  calculate,  that  this  glass  stops  625 
rays  of  flame-heat,  out  of  every  thousand  that  fall  on  it.  It 
stops  only  86  rays  of  candle-light ;  but  this,  having  been  re- 
ferred to  before,  will  not  in  future  be  repeated. 

6±tb  Experiment. 

Candle.  Flint  glau. 

°'  59j  59$ 

5  6s£  6o$  ...si:  i|  =  ,409 

It  stops  50,1  rays  of  flame-heat,  and  light  as  before. 

■ 

65th  Experiment. 

Candle.  Crown  glut. 

5  fa|  6o£  .  .  .  2^  :  1  =  ,364 

It  stops  636  rays  of  flame-heat. 
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66tb  Experiment. 

Candle.  Coach  glau. 

o'  60  6o| 

5  63  62  . . .  3  :  i|  =  ,542 

It  stops  458  rays  of  flame-heat. 

m 

6jtb  Experiment. 

Candle.  Iceland  crystal. 

o'  5*1  5H 

5  6*i  6o| . . .  3| :  if  as  ,4,84 

It  stops  516  rays  of  flame-heat. 

6Stb  Experiment. 

Candle.  Calcinable  talc. 

5         '       6i£  60^.. .  3:  i|-  =  ,6a5 

This  substance  stops  only  375  rays  of  flame-heat. 

6gtb  Experiment. 

Candle.  Very  dark  red  glau. 

o'  60%  6of 

5  63I  6i|...2i:i=,3<?4 

This  glass  stops  636  rays  of  flame-heat. 

yotb  Experiment. 

Candle.  Dark  red  glata. 

o'  6o±  €o± 

5  $3i  6i|...2|:  if  =  ,474 

It  stops  526  rays  of  flame-heat. 
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715/  Experiment. 

Candle.  Orange  glaw, 

o'  6oi  6o± 

It  stops  560  rays  of  flame-heat.-  !  : 

jsd  Experiment. 

Candle.  Yellow  glau. 

o'  60J-  6o| 

5  63I  6x|-...  3:  1^  =  417 

It  stops  583  rays  of  flame^heat. 

y$d  Experiment. 

Candle.  Falo-gTeen  glasi. 

o'  6oJ  oof- 

5  <>3f  6a*...  3:1*  =  ,500 

It  stops  500  rays  of  flame-heat. 

74*0  Experiment. 

Candle.  Dark-green  glau. 

5  64  6if-...2f-:|  =  ,26i 

It  stops  739  rays  of  flame-heat, 

75*0  Experiment. 

Candle.  .  AUwb-green  glass. 

5        ...      64,  T   6ai...2^:  1  =  ,348 

It  stops  652  rays  of  flame-heat. 
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Caodlf.  Pale- blue 


5  64I  . . .  2i  :  i|  =  ,391 

It  stops  609  rays  of  flame-heat 

77^  Experiment. 


Dark-blue  glass, 

5         .  . .  . ,  . . .  2| :  1  a-  ,381 

It  stops  619  rays  of  flame-heat. 

7$tb  Experiment 

Candle.  Indigo  gla«. 

°'  6li  ft*  - 

It  stops  679  rays  of  flame-heat. 

7gtb  Experiment, 

Candle,  Pale  indigo  glaw. 

,      -J  •  ■■  Hi  <53i...2|:ii=,429 

It  stops  571  rays  of  flame-heat. 

Sotb  Experiment. 

Caadle.  Pnrplcgl.u. 

°'        :  m  en 

It  stops  520  rays  .of  flame-heat. 
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81  st  Experiment. 

Candle.  Violet  glas*. 

59t  59i 
5       -   •  ■  '  %*  6i|...Si:  ii=,500 

It  stops  500  rays  of  flame-heat. 

8a</  Experiment. 

Candle.  Crown  glass ;  one  side  nibbed  oa 

emery ;  the  rough  side  exposed. 

o'  60  60 

5  G3i  6oi  •  •  •  3i  s  J  =  »«59 

This  glass,  so  prepared,  stops  741  scattered  rays  of  flame- 
heat. 

83*/  Experiment. 

Candle.  Coach  glass;  one  side  rubbed  on 

emery  j  the  rough  side  exposed. 

o'  59i  59i 

5  63i  :  H  =  >333 

It  stops  667  scattered  rays  of  flame-heat. 

84/6  Experiment. 

Candle.  Crown  glass ;  both  sides  rubbed  on  emery. 

o#  59i  S9i 

5  ^3  (5i  . . .      :      as  ,385 

It  stops  6*15  scattered  rays  of  flame- heat. 

8$tb  Experiment. 

Candle.  Coach  glass  ;  both  sides  rubbed  on  emery. 

o'  591  59i 

5  63  60$  . . .  3| :  iv=  ,320 

It  stops  680  scattered  rays  of  flame-heat. 
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$6tb  Experiment. 

,-.  f  Crown  glass. \  One  side  of  each  rubbed 

Candle.  \  Coach  glass.  /    on  emery. 

o'  5Si  55% 

5   :  59  56i...S*".*  =  .*8° 

These  glasses  stop  720  scattered  rays  of  flame-heat. 

87^  Experiment. 

„  f  Crown  glass.  \  Both  sides  of  each  rubbed 

Candle.  \  Coach  glass.  /    on  emery. 

59i  57  •  •  •  Si  :  H  =  >333 

These  glasses  stop  667  rays  of  flame-heat. 

88/Z>  Experiment. 

{Crown  glass ;  the  rough  side  to  the  candle. 
Coach  glass;  ditto. 
Crown  glass ;  rough  on  both  Sides ; 
Coach  glass;  ditto. 

^o'  •  •  5H  56$ 

5  59i  57i-v*£'i  =  >1So 

These  four  glasses  stop  870  scattered  rays  of  flame-heat. 

Sgtb  Experiment. 

Candle.  Olive-colour,  burnt  in  glass. 

o'  60  60 

5  6$  6oJ-...3:£  =  ,2o8 

This  glass  stops  792  scattered  rays  of  flame-heat. 

gotb  Experiment. 

Candle.  White  paper. 

o'  57i  57i 

5  6<>i  571  •  •  •  3  :  I  =  >*°* 

This  substance  stops  792  scattered  rays  of  flame-heat 

mdccc.  3  P 
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gist  Experiment, 

Candle.  Linen. 

o'  57|  574 

5  6i  5H  •  •  •  Si  :  *i  =  >3io 

If  stops  6go  scattered  rays  of  flame-heat 

gzd  Experiment. 

Candle.  White  persian. 

°'  57i  57 

It  stops  593  scattered  rays  of  flame-heat. 

9§d  Experiment, 

Candle.  Black  muslin. 

o'  57i  574 

5  59  •  •  •  *f  :  ii 

It  stops  565  scattered  rays  of  flame-heat. 

Transmission  of  the  solar  Heat  which  is  of  an  equal  Refrangihility 

with  red  prismatic  Rays. 

The  apparatus  which  I  have  used  for  transmitting  prismatic 
rays,  is  of  the  same  construction  as  that  which  has  already  been 
described  under  the  head  of  direct  solar  transmissions ;  *  but 
here  the  holes  in  the  top  of  the  box  are  only  two  inches  from 
each  other,  and  no  more  than  f  ths  in  diameter.-f-  On  the  face  of 
the  box  are  drawn  two  parallel  lines,  also  f  ths  of  an  inch  distant 
from  each  other,  and  inclosing  the  transmitting  holes :  they 
serve  as  a  direction  whereby  to  keep  any  required  colour  to  fall 
equally  on  both  holes.  The  distance  at  which  the  box  is  to  be 

•  See  Plate  XXI.  f  See  Plate  XXII.  Fig.  3. 
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placed  from  the  prism,  must  be  such  as  will  allow  the  rays  to 
diverge  sufficiently  for  the  required  colour  to  fill  the  transmit- 
ting holes ;  and  the  balls  of  the  thermometers  placed  under  them 
ought  to  be  less  than  these  holes,  that  the  projected  rays  may 
pass  around  them,  and  shew  their  proper  adjustment.  The  dia- 
meters of  mine,  used  for  this  purpose,  are  2J  tenths  of  an  inch. 

$%tb  Experiment. 

I  placed  my  apparatus  at  five  feet  from  the  prism,  and  so  as 
to  cause  the  red-making  rays  to  fall  between  the  parallel  lines, 
in  order  to  find  what  heat-making  rays  would  come  to  the  ther- 
mometer along  with  them. 

Red  rays.  Bluish-white  glass. 

1  hei  m.  A.  Therm.  B. 

5  77i  H<m  ,6*5 

From  this  experiment  it  appears,  that  when  a  thousand  red- 
making  rays  fall  oh  each  transmitting  hole,  375  of  them,  if  they 
also  be  the  heat-making  rays,  are  stopped  by  the  bluish-white 
glass  which  covers  one  of  these  holes;  or,  what  requires  no 
other  proof  than  the  experiment  itself,  that  375  rays  of  heat, 
of  the  same  refrangibility  with  the  red  rays,  are  intercepted  by 
this  glass.  . 

95th  Experiment. 

Red  rays.  Flint  glass. 

75i  75i 

77i  7<5f  •  •  i*  :  i±  =  ,857 

This  glass  stops  only  143  rays  of  heat  which  are  of  the  same 

refrangibility  with  the  red  rays. 

'    -•      •  . 
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g6tb  Experiment. 

Red  rays.  Crown  glass. 

o'  75f  751 

5  78  77i---2-5-:1i  =  >7°6 

This  glass  stops  294  rays  of  the  same  sort  of  heat. 

mm 

gytb  Experiment. 

Red  rays.  Coach  glass. 

o'  541  53i 

5  55i  54i  •  •  •  H  > 1  =  »8oo  • 

It  stops  200  rays  of  the  same  sort  of  heat. 

98/6  Experiment. 

Red  rays.  Iceland  crystal. 

o'  7*i  75i 

5  78  77t-.-  •  H:  H  =  ,8oo 

This  substance  stops  200  rays  of  the  same  sort  of  heat. 

ggtb  Experiment. 

Red  rays.  Calcinable  talc. 

o'  5if  5*i 

5  531  5«f  •  •  •  »i  '  H  =  .867 

It  stops  133  rays  of  the  same  sort  of  heat. 

ioot&  Experiment. 

Red  rays.  Dark-red  glass. 

o'        7^  m 

5  784  77*-.-i*:i  =  »S°8 

This  glass  stops  692  rays  of  the  same  sort  of  heat. 
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101  st  Experiment, 

Red  rays.  Orange  glass. 

°'  75  74i 

5         -       77  75i  •  •  •  2  :  *  =  >5oo 

It  stops  500  rays  of  the  same  sort  of  heat. 

lo^d  Experiment. 

Red  rays.  Yellow  glass. 

75i  75 

7$i  75i>--H'l  =  ,5S$ 

It  stops  417  rays  of  the  same  sort  of  heat. 

103d  Experiment. 

Red  rays.  Pale-green  glass. 

o'  74*  74i 

5  7H  75--*i'i=*A™ 

It  stops  588  rays  of  the  same  sort  of  heat. 

104^  Experiment. 

Red  rays.  Dark-green  glass. 

o'  68^  68| 

5  7°i  6oi...ii:|  =  ,2i4 

It  stops  786  rays  of  the  same  sort  of  heat. 

« 

105th  Experiment. 

Red  rays.  Bluish-green  glass. 

o'  69  68J 

5  7°i     %  %i...ii:|  =  ,538 

It  stops  462  rays  of  the  same  sort  of  heat. 


Digitized  by  Google 


474      &r-  Herschel's  Experiments  on  the  solar,  and 

io6tb  Experiment. 

Red  rays.  Pale-blue  glass. 

It  stops  700  rays  of  the  same  sort  of  heat, 

107^  Experiment* 

Red  rays.  Dark-blue  glass. 

o'  67  67$ 

5  68^  68f...ii:if  =  ,929 

This  glass  stops  only  71  rays  of  the  same  sort  of  heat. 

xoStb  Experiment. 

Red  rays.  Indigo  glass. 

o'  68±  6Si 

It  stops  367  rays  of  the  same  sort  of  heat. 

109*6  Experiment* 

Red  rays.  Pale-indigo  glass. 

of  69  68f 

5  71  70  ...  2  :  if  =  ,687 

It  stops  313  rays  of  the  same  sort  of  heat. 

110/6  Experiment. 

Red  rays.  Purple  glass. 

o'  5* 
It  stops  444  rays  of  the  same  sort  of  heat. 
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tilth  Experiment. 

Red  rays.  Violet  glass. 

o'  57*  57 

5  59i  58i...i|:  i|  =  ,6oo 

It  stops  400  rays  of  the  same  sort  of  heat. 

112*6  Experiment. 

Red  rays.  Crown  glass ;  one  side  nibbed  on  emery, 

rough  side  exposed. 

C  .  49i  49 

5  5«  50|...2i:i|  =  ,fjn 

This  glass,  so  prepared,  stops  389  scattered  rays  of  the  same 
sort  of  heat. 

113*6  Experiment. 

Red  rays.  Coach  glass ;  one  side  rubbed  on  emery, 

rough  side  exposed. 

o'  53i  5*£ 

5  55t  53i-.-H:¥  =  >5°° 

It  stops  500  scattered  rays  of  the  same  sort  of  heat 

114*6  Experiment. 

Red  rays.  Crown  glass ;  both  sides  rubbed  on  emery. 

°'  5°i  491- 

5  5*i  51  .  .  .  2i :  i|  =  ,529 

It  stops  471  scattered  rays  of  the  same  sort  of  heat. 

1 15*6  Experiment. 

Red  rays.  Coach  glass;  both  sides  rubbed  on  emery. 

<*  54i  531 

5  55|  54-  •  •  ii-£=  >^7 

It  stops  833  scattered  rays  of  the  same  sort  of  heat. 
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\\6tb  Experiment. 

Red  rays.  Calcined  talc. 

This  substance  stops  737  scattered  rays  of  the  same  sort  of 
heat. 

r  * 

.  .  .  .  1  ^ 

Transmission  of  Fire-Heat  through  various  Substances. 

When  the  same  fire  is  to  give  an  equal  heat  to  two  thermo- 
meters, at  some  short  distance  from  each  other,  it  becomes 

•  •  •  * 

highly  necessary  that  there  should  be  a  place  of  considerable 
dimensions  in  its  centre,  where  it  may  burn  with  an  equal  glow, 
and  without  flame  or  smoke.  To  obtain  this,  I  used  a  grate 
19  inches  broad,  and  8^  high,  having  only  three  bars,  which 
divide  the  fire  into  three  large  openings.  In  the  centre  of  the 
middle  one  of  these,  when  the  grate  is  well  filled  with  large 
coals  or  coke,  we  may,  with  proper  management,  keep  up  the 
required  equality  of  radiance. 

The  apparatus  I  have  used  is  of  the  following  construction.* 
A  screen  of  wood,  3  feet  6  inches  high,  and  3  feet  broad,  lined 
towards  the  fire  with  plates  of  iron,  has  two  holes,  |  of  an  inch 
in  diameter,  and  at  the  distance  of  2^-  inches  from  each  other, 
one  on  each  side  of  the  middle  of  the  screen,  and  of  a  height 
that  will  answer  to  the  centre  of  the  fire.  2^  inches  under 
the  centre  of  the  holes  is  a  shelf,  about  22  inches  long  and  4 
broad,  on  which  are  placed  two  thermometers,  in  opposite  direc- 
tions, fixed  on  proper  stands,  to  bring  the  balls,  quite  disen- 
gaged from  the  scales,  directly  2  inches  behind  the  transmitting 

•  Sec  Plate  XXIV. 
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holes.  A  small  thin  wooden  partition  is  run  up  between  the 
thermometers,  to  prevent  the  heat  transmitted  through  one  hole 
from  coming  to  the  thermometer  belonging  to  the  other. 

The  screen  is  fixed  upon  a  light  frame,  which  fits  exactly  into 
the  opening  of  the  front  of  the  marble  chimney-piece ;  and  the 
ends  of  the  frame  are  of  a  length  which,  when  the  screen  is 
placed  before  the  fire,  will  just  bring  the  transmitting  holes  to 
be  6±  inches  from  the  front  bars  of  the  grate. 

A  large  wooden  cover,  also  plated  with  iron,  shuts  up  the 
transmitting  holes  on  the  side  next  to  the  fire;  but  may  be 
drawn  up  by  a  string  on  the  outside,  so  as  to  open  them  when 
required. 

Two  assistant  thermometers  are  placed  on  proper  stands,  to 
bring  their  balls  to  the  same  distance  from  the  screen  as  those 
which  receive  the  heat  of  the  fire ;  but  removed  sideways  as  far 
as  necessary,  to  put  them  out  of  the  reach  of  any  rays  that  pass 
obliquely  through  the  transmitting  holes.  They  are  to  indicate 
any  change  of  temperature  that  may  take  place  during  the  time 
of  the  experiment :  for,  notwithstanding  the  largeness  of  the 
screen,  some  heat  will  find  its  way  round  and  over  it;  and  this 
acting  as  a  general  cause,  its  effect  must  be  allowed  for. 

11  Jtb  Experiment. 

Having  tried  the  apparatus  sufficiently  to  find  that  the  ther- 
mometers exposed  to  the  transmitting  holes  would  generally 
receive  20  or  more  degrees  of  heat,  without  differing  more  than 
sometimes  £  or  at  most  £  of  a  degree,  I  now  placed  the  bluish- 
white  glass  of  the  24th  experiment  upon  a  support  prepared  for 
the  purpose,  so  as  closely  to  cover  one  of  the  transmitting  holes. 
A  small  spring,  moveable  on  its  centre,  is  always  turned  against 
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the  upper  part  of  the  transmitting  glasses,  to  keep  them  in  their 
situation. 

Fire.  Bluish-white  glass. 

o'  66  66 

5  86  71 .  .  .  20  :  5  =  ,250 

This  glass  stops  750  rays  of  fire-heat.  By  looking  through  it, 
at  the  same  place  in  the  fire,  after  the  screen  was  removed,  in 
order  to  cool  the  apparatus  for  the  next  experiment,  I  found  that 
this  glass  can  hardly  be  said  to  stop  any  of  the  light  of  the  fire. 

118/6  Experiment. 

Fire.  Flint  glass. 

o'  67  67 

5  '  87  72  ...  20  :  5  =  ,250 

It  stops  750  rays  of  fire-heat. 

* 

ngtb  Experiment. 

Fire.  Crown  glass. 

o'  67  67 

5  86*  73$  . . .  194  :  5i  =  ,278 

Jt  stops  722  rays  of  fire-heat. 

120th  Experiment. 

Fire.  Coach  glass. 

o'  67i  67x 

5  86*  73.--i9i:5i  =  >*86 

It  stops  714  rays  of  fire-heat. 

1215*  Experiment. 

Fire.  Iceland  crystal. 

o'  68  68 

5  9°i  73i"  -22^:5!  =  , 244 

This  substance  stops  756  rays  of  fire-heat. 
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\ad  Experiment. 

I  took  now  the  piece  of  talc  used  in  the  30th  experiment, 
and,  placing  it  over  the  transmitting  hole,  I  had  the  following 
result.  But,  as  the  unexpected  event  of  a  calcination,  which  took 
place,  was  attended  with  circumstances  that  ought  to  be  noticed, 
I  shall,  instead  of  the  usual  abridgment  of  the  experiments,  give 
this  at  full  length. 


Fire. 
Therm.  D. 

Talc. 
Therm.  C. 

0' 

65 

*5 

1 

72 

67... 

2 

77 

.  12   :  3|=  ,281 

3 

4 

% 

70  . . . 

.18  -.5  =  ,278 

5 

85 

70*.. 

.  20  " :  5f  =  ,287 

This  substance  stops  713  rays  of  fire-heat. 

I  am  now  to  point  out  the  singularity  of  this  experiment ; 
which  consists,  as  we  may  see  by  the  above  register  of  it,  in  the 
apparently  regular  continuance  of  its  power  of  transmitting  heat, 
while  its  capacity  of  transmitting  light  was  totally  destroyed. 
For,  when  I  placed  this  piece  of  talc  over  the  hole  in  the  screen, 
it  was  extremely  transparent,  as  this  substance  is  generally 
known  to  be ;  and  yet,  when  the  experiment  was  over,  it  ap- 
peared of  a  beautiful  white  colour;  and  its  power  of  transmitting 
light  was  so  totally  destroyed,  that  even  the  sun  in  the  meridian 
could  not  be  perceived  through  it.  Now,  had  the  power  of  trans- 
mitting heat  through  this  substance  been  really  uniform  during 
all  the  five  minutes,  it  would  have  been  quite  a  new  phenome- 
non ;  as  all  my  experiments  are  attended  with  a  regular  increase 
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of  it ;  but  since,  by  calcination,  the  talc  lost  much  of  its  trans- 
mitting power,  we  may  easily  account  for  this  unexpected 
regularity. 

123d  Experiment. 

Fire.         Very  dark  red  glass. 

66  66 

»9i  75  •  •  •  23i  :  9  =  >387 

This  glass  stops  613  rays  of  fire-heat. 

124th  Experiment. 

Fire.  Dark- red  glass. 

o'         67  67 

5  92 i  78 ...  85* :  1 1  =  ,427 

This  glass,  which  stops  999,8  rays  of  candle-light,  stops  only 
573  ravs  °f  fire-heat ;  whereas  my  piece  of  thick  flint  glass, 
which  stops  no  more  than  91  rays  of  that  light,  stops  no  less 
than  750  of  fire-heat.  It  does  not  appear,  by  looking  through 
these  glasses,  that  there  is  a  difference  in  their  disposition  to 
transmit  candle-light  or  fire-light. 

12 $tb  Experiment. 

Fire.         Orange  glass. 

o'         66  66 

5  80  71  . .  .  H:5  =  ,$57 

It  stops  643  rays  of  fire-heat. 

126th  Experiment. 

Fire.       Yellow  glass. 

o'         6ii  6ii 

5  83         68£ . . .  21 :  7f .  cor.  —  if.  »of :  6$  =  ,315 
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This  experiment  being  made  early  in  the  morning,  before 
the  temperature  of  the  room  was  come  to  its  usual  height,  the 
assistant  thermometers  shewed  a  gradual  rising  of  i|  degree  in 
the  5  minutes :  they  are  in  general  very  steady.  The  glass 
stops  685  rays  of  fire-heat. 

127/&  Experiment. 

Fire.  Pale-green  glass. 

o'  65i  65$ 

5  85  71}.  ..  10^:  6  =  ,312 

It  stops  688  rays  of  fire-heat. 

128  th  Experiment. 

Fire.  Dark  green  glass. 

o'  68  68 

5  88^  73i  •  •  ■  «<>i  :  5i  cor.  —  ^  =  ,255 

It  stops  745  rays  of  fire-heat. 

lzgtb  Experiment. 

Fire.  Bluish-green  glass. 

o'  68i  68^ 

5  87  74.£---i8i:5£  =  >S°4 

It  stops  696  rays  of  fire-heat. 

130^  Experiment. 

Fire.  Pale-bluc  glass. 

o'  68£  68 

It  stops  676  rays  of  fire-heat. 
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i 

i$\$t  Experiment. 

Fire.  Dark-blue  glass. 

o'  67  67 

5  84!  73...  ift  :6\cor.- i°=,29« 

It  stops  704  rays  of  fire-heat. 

132*/  Experiment. 

Fire.  Indigo  glass. 

o'  69^  %i 

5  »5i  73i-..  1^  :4i  =  ,279 

It  stops  721  rays  of  fire- heat. 

133*/  Experiment. 

Fire.  Pale  indigo  glass. 

o'  67i  67; 

5  85J  74...  i8j:6i.cor.«i*=,345 

It  stops  655  rays  of  fire-heat. 

134/6  Experiment. 

Fire.  Purpie  glass. 

o'  69  69 

5  %  73-J.  .  .  14:4-^,321 

It  stops  679  rays  of  fire-heat. 

135*6  Experiment. 

Fire.  Violet  glass. 

O*  €6166$ 
5  86*i  74^  .  .  .  20  :  7|  =  ,385 

It  stops  615  rays  of  fire-heat, 
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136/&  Experiment. 

Fire.  Crown  glass ;  one  side  rubbed  on  emery. 

&  67f  67i 

*    5  »9f  73i--."£-6i  =  >277 

This  glass,  so  prepared,  stops  723  scattered  rays  of  fire-heat. 

•  137^  Experiment 

Fire.  Coach  glass  ;  one  side  rubbed  on  emery. 

o'  68  67i 

5  87^  7*1  ••  •       :  4i  =  >24>* 

It  stops  758  scattered  rays  of  fire-heat. 

138*6  Experiment. 

Fire.  Crown  glass ;  both  sides  rubbed  on  emery. 

o'  68i  68 

It  stops  791  scattered  rays  of  fire-heat. 

139^/6  Experiment. 

Fire.  Coach  glass  ;  both  sides  rubbed  on  emery. 

o'  67  67 

5  88  7oi...2i:3|.cor.  —  ^  =  ,146 

It  stops  854  scattered  rays  of  fire-heat. 

l^otb  Experiment. 

p-  f  Crown  glass.  1  One  side  of  each  rubbed  on 

y  Coach  glass.  /  emery. 

o'  66  66 

5  86    ^  69J  ...  20  :  si  •  cor.  —  i°  =  ,151 

These  glasses  stop  849  scattered  rays  of  fire-heat. 
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i  \  1st  Experiment. 

v-  f  Crown  glass.  \  Both  sides  of  each  rubbed  oh 

¥Kt'        \ Coach  glass./  emery. 

o'  66$  66$ 

5  83£  68i...  17:  i|  =  ,io3 

These  glasses  stop  897  scattered  rays  of  fire-heat. 

142*/  Experiment. 

Fire.  The  four  glasses  of  the  two  preceding  experiments  put 

together. 

o'  66  66 

5  80  67I. . .  14:  if  =  ,098 

These  four  glasses  stop  902  scattered  rays  of  fire-heat. 

143^  Experiment. 

Fire.  Olive  colour,  burnt  into  glass. 

o'  6Si  6si 

5  8.5^  67^...  22:3^.  cor.  -fa,  151 

This  glass  stops  849  scattered  rays  of  fire-heat. 

144/&  Experiment. 

Fire.  Paper. 

o'  66±  66± 

5  83-^  68  ...  17:  i±  =  ,o88a 

This  substance  stops  912  scattered  rays  of  fire-heat;  it  was 
turned  a  little  yellow  by  the  exposure. 

145//)  Experiment. 

Fire.  Linen. 

o'  6Si  6Si 

5  84!  6*7  .  .  .  21  :  si  •  cor.  —  1  £°  =  »o897 

This  substance  stops  910  scattered  rays  of  fire-heat. 
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146/&  Experiment. 

Fire.  Wliite  pcrsian. 

5  8i±  6^ .  ..i5|:2f  =  ,171 

This  substance  stops  829  scattered  rays  of  fire-heat. 

Experiment. 

Fire.  Black  muslin. 

o'  66  66 

5  82^         7°j  •  •  •  l6i :  4i  •  c01"-  +  t°  =  »294 

This  substance  stops  706  scattered  rays  of  fire-heat. 

Transmission  of  the  invisible  Rays  of  solar  Heat. 

The  same  apparatus  which  I  have  used  for  the  transmission 
of  coloured  prismatic  rays,*  will  also  do  for  the  invisible  part 
of  the  heat  spectrum :  it  is  only  required  to  add  two  or  three 
more  parallel  lines,  one-tenth  of  an  inch  from  each  other,  be- 
low the  two  which  inclose  the  transmitting  holes,  in  order  to 
use  them  for  directing  the  invisible  rays  of  heat,  by  the  position 
of  the  visible  rays  of  light,  to  fall  on  the  place  required  for  coming 
to  the  thermometers. 

148/&  Experiment. 

Invisible  rays.      Bluish-white  glass. 

*    o'         48  47 

5  49i  48|...i^:if  =  ,929 

This  glass  stops  only  71  invisible  rays  of  heat. 

•  See  Plate  XXII.  Fig.  3. 
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Experiment. 

Invisible  rays.  Flint  glass. 

o'  50}  49f 

5  5*  5*4-  -  H  •  ij  =  i>ooo 

This  glass  stops  no  invisible  rays  of  heat. 

150/6  Experiment. 

Invisible  rays.  Crown  glass. 

5  5*4  5oJ...i|:i|  =  ,8i8 

It  stops  182  invisible  rays  of  heat. 

t 

151st  Experiment. 

Invisible  rays.  Coach  glass. 

5*4  53i 

554  544  -  •  •  4  4  —  »&57 

It  stops  14,3  invisible  rays  of  heat. 

152^  Experiment, 

Invisible  rays.  Calcinablc  talc. 

5  5*4  5i4---14:14  =  »750 

This  substance  stops  250  invisible  rays  of  heat. 

153^  Experiment. 

Invisible  rays.  Dark-red  glass. 

°'  474  .  464 

5  484  474  ...1:1  =  1,000 

This  glass  stops  no  invisible  rays  of  heat.  This  accounts 
for  the  strong  sensation  of  heat  felt  by  the  eye,  in  looking  at 
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the  sun  through  a  telescope,  when  red  darkening  glasses  are 
used. 

154*6  Experiment. 

Invisible  rays.  Orange  glass. 

*  °'  5H  5* 

5  53  52  . . .  if :  1  =  ,727 

It  stops  273  invisible  rays  of  heat 

155*6  Experiment. 

Invisible  rays.  Yellow  glass. 

5  53  52  •  • .  i£ :  1  =  ,800 

It  stops  200  invisible  rays  of  heat. 

* 

156*6  Experiment. 

Invisible  rays.  Pale-green  glass. 

5  5H  5if  ...i:f  =  ,625 

It  stops  375  invisible  rays  of  heat. 

157*6  Experiment. 

Invisible  rays.  Dark-green  glass. 

o'  51J  5i± 

5  59£  52  ...  1  : 1  =  ,500 

It  stops  500  invisible  rays  of  heat. 

» 

i$$tb  Experiment. 

Invisible  rays.  Blulsh-grccn  glass. 

•  Ct  53  5*i 

5  54i  52^...  ii:i=r  ,200 

It  stops  800  invisible  rays  of  heat. 

3R2 
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■L$gtb  Experiment. 

4 

Invisible  rays.  Pale -blue  glass. 

It  stops  583  invisible  rays  of  heat. 

160/6  Experiment. 

Invisible  rays.  Dark-blue  glass. 

O'  5*i  5  if 

It  stops  167  invisible  rays  of  heat. 

1615/  Experiment. 

Invisible  rays.  Indigo  glass. 

o'  52f 

It  stops  500  invisible  rays  of  heat. 

i6zd  Experiment. 

Invisible  rays.  Pale-indigo  glass. 

o'  52*  5H 

It  stops  250  invisible  rays  of  heat. 

163^  Experiment. 

Invisible  rays.  Purple  glass- 

O'  5H  50l 

5  5*i  5ii...i|:i==>727 

It  stops  273  invisible  rays  of  heat. 
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164//J  Experiment. 

Invisible  rays.  Violet  glass. 

o'  53?  5*1 

5  54*  53i  •  •  •  1 :  i  =  »75<> 

It  stops  250  invisible  rays  of  heat. 

165th  Experiment. 

Invisible  rays.  Crown  glass ;  one  side  rubbed  on  emery, 

rough  side  exposed. 

o'  49i  4>H 

5  5o$  49i---ii:i  =  »4«>o 

This  glass,  so  prepared,  stops  600  scattered  invisible  rays  of 
heat. 

> 

i6€tb  Experiment. 

Invisible  rays.  Coach  glass ;  one  side  rubbed  on  emery, 

rough  side  exposed. 

o'  54  53i 

5  55i  54- i£-.i  =  >5oo 

It  stops  500  scattered  invisible  rays  of  heat. 

i6jtb  Experiment. 

Invisible  rays.  Crown  glass ;  both  sides  rubbed  on  emery. 

o'  50  49f 

5  5*i  49f ...  ii:i  =  ,4,oo 

It  stops  600  scattered  invisible  rays  of  heat. 

i6$tb  Experiment. 

Invisible  rays.  Coach  glass  j  both  sides  rubbed  o 

o'  54t  541 

5  55i  54i»- .£:i  =  >*86 

It  stops  714,  scattered  invisible  rays  of  heat. 
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i6gtb  Experiment. 

Invisible  rays.  Calcined  talc. 

o'  s*i  5°w 

5  53  5i...i|:|=,iu 

This  substance  stops  889  scattered  invisible  rays  of  heat. 

Transmission  of  invisible  terrestrial  Heat. 

This  is  perhaps  the  most  extensive  and  most  interesting  of 
all  the  articles  we  have  to  investigate.  Dark  heat  is  with  us 
the  most  common  of  all ;  and  its  passage  from  one  body  into 
another,  is  what  it  highly  concerns  us  to  trace  out.  The  slightest 
change  of  temperature  denotes  the  motion  of  invisible  heat ;  and 
if  we  could  be  fully  informed  about  the  method  of  its  trans- 
mission, much  light  would  be  thrown  on  what  now  still  remains 
a  mysterious  subject.  It  must  be  remembered,  that  in  the  fol- 
lowing experiments,  I  only  mean  to  point  out  the  transmission 
of  such  dark  heat  as  I  have  before  proved  to  consist  of  rays, 
without  inquiring  whether  there  be  any  other  than  such  existing. 

My  apparatus  for  these  experiments  is  as  follows.  *  A  box 
12  inches  long,  5^  broad,  and  3  deep,  has  a  partition  through- 
out its  whole  length,  which  divides  it  into  two  parts.  At  one 
end  of  each  division  is  a  hole  ^  inch  in  diameter ;  and  each  di- 
vision contains  a  thermometer,  with  its  ball  exposed  to  the  hole, 
and  at  one  inch  distance  from  the  outside  of  the  box.  Four 
inches  of  the  box,  next  to  the  holes,  are  covered ;  the  rest  is 
open.  In  the  front  of  it  is  a  narrow  slip  of  wood,  on  which 
may  rest  any  glass  to  be  tried ;  and  it  is  held  close  to  the  wood 
at  the  top,  by  a  small  spring  applied  against  it.  Two  screws 
are  planted  upon  the  front,  one  on  each  side,  which  may  be 

•  See  Plate  XXV.  Fig.  1. 
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drawn  out  or  screwed  in,  by  way  of  accurately  adjusting  the 
distance  of  the  thermometer  from  the  line  of  action. 

In  order  to  procure  invisible  terrestrial  heat,  I  have  tried 
many  different  ways,  but  a  stove  is  the  most  commodious  of 
them.  Iron  is  a  substance  that  transmits  invisible  heat  very 
readily ;  while,  at  the  same  time,  it  will  most  effectually  inter- 
cept every  visible  ray  of  the  fire  by  which  it  is  heated,  provided 
that  be  not  carried  to  any  great  excess.  I  therefore  made  use 
of  an  iron  stove,*  having  four  flat  sides,  and  being  constructed 
so  as  to  exclude  all  appearance  of  light.  I  had  it  placed  close 
to  a  wall,  that  the  pipe  which  conveys  away  smoke  might  not 
scatter  heat  into  the  room. 

The  thermometer  box,  when  experiments  are  to  be  made,  is 
to  be  put  into  an  arrangement  of  twelve  bricks,  placed  on  a 
stand,  with  casters :  -f  these  bricks,  when  the  stand  is  rolled 
close  to  the  stove,  which  must  not  be  done  till  an  experiment 
is  to  begin,  form  an  inclosure,  just  fitting  round  the  sides,  bot- 
,  torn,  and  covered  part  of  the  top  of  the  thermometer  box,  and 
completely  guard  it  against  the  heat  of  the  stove.  The  box  is 
then  shoved  into  the  brick  opening,  close  to  the  iron  side  of  the 
stove,  where  the  two  front  screws,  coming  into  contact  with 
the  iron  plate,  give  the  thermometers  their  proper  distance ; 
which,  in  the  following  experiments,  has  been  such  as  to  bring 
the  most  advanced  part  of  the  balls  to  one  inch  and  four-tenths 
from  the  hot  iron. 

It  will  be  necessary  to  remark,  that  on  calculating  the  trans- 
missions for  the  fifth  minute,  I  found  that  it  would  not  be 
doing  justice  to  the  stopping  power  of  the  glasses,  to  take  so 
long  a  time;  for,  notwithstanding  the  use  of  brickwork,  and  the 

•  Sec  Plate  XXV.  Fig.  z.  f  See  Fig.  3. 
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precaution  I  had  taken,  of  having  two  sets  of  it,  that  one  might 
be  cooling  while  the  other  was  employed,  and  though  neither 
of  them  was  ever  very  hot,  yet  I  found  that  so  much  heat  came 
to  the  box,  that  when  it  was  taken  out  of  the  bricks,  in  order  to 
be  cooled,  the  thermometers  continued  still  to  rise,  at  an  ave- 
rage, about  two  degrees  higher  than  they  were.  I  have  therefore 
now  taken  the  third  minute,  as  a  much  safer  way  to  come  at 
the  truth. 


170*6  Experiment. 


55i 

5H  •  •  •  3i  '  H  =  ,3oo 


171$*  Experiment. 


o'  53i  53i 

3  55i  541  • 

It  stops  533  invisible  rays  of  heat. 


172^  Experiment. 


o'  5oi 

3  53i 
It  stops  783  invisible  rays  of  heat. 


5°t 


173 d  Experiment. 


3  5*i  51* 

It  stops  625  invisible  rays  of  heat. 
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.174/&  Experiment. 

Stove.  Iceland  cryittL 

o1  47  4>6i 

This  substance  stops  726  invisible  rays  of  heat. 

» 

175^  Experiment. 

Stove.  Calcinable  ulc. 

At  the  end  of  five  minutes,  when  the  box  was  taken  out  of 
the  bricks,  the  talc  was  perfectly  turned  into  a  scattering  sub- 
stance :  as  such,  it  stops  596  scattered  invisible  rays  of  heat. 
The  sun  cannot  be  seen  through  it ;  but  this  I  find  is  chiefly 
owing  to  its  scattering  disposition.  It  stops  however  997  scat- 
tered rays  of  light. 

176/6  Experiment. 

Stove.  Dirk  red  glau. 

58  58 

3  °4i  Goi...6^:2i=,s7o 

This  glass  stops  630  invisible  rays  of  heat. 

»  

ljjtb  Experiment. 

Stove.  Orange  glut. 

°'  55i  '  55i 

3  6o±  57!...5i'-2i=>476 

It  stops  524  invisible  rays  of  heat. 
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178th  Experiment. 

Stove.  Yellow  glass. 

°'  57i  57i 

It  stops  469  invisible  rays  of  heat. 

iygtb  Experiment. 

Stove.  Pale-green  glass. 

3  5<>i  53*  •  ..*J:  H  =  ,3^8 

It  stops  638  invisible  rays  of  heat. 

l&otb  Experiment. 

Stove,  Dark-green  gUu. 

°'  5°  49i 

3  53t  5°t .  .  .$i  :  i±  =  ,3oo 

It  stops  700  invisible  rays  of  heat. 

1 

1815/  Experiment. 

Stove.  Bluish-green  glass. 

3  55i  53  *  •  •  4a  :  *  =  >444 

It  stops  556  invisible  rays  of  heat. 

i82d  Experiment. 

Stove.  Pale-blue  glass. 

57i  55i  .  •  •  Si  ;  H  =  »45« 

It  stops  548  invisible  rays  of  heat. 
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183^  Experiment. 

Store.  Dirk -blue  glu». 

°'  5Si  53 

5  55$  53$  -  •  •  «i:  f=»368 

It  stops  632  invisible  rays  of  heat 

i$±tb  Experiment. 

Stove.  Indigo  glau. 

o'  54*  •  54 

3  59$  55t  •  •  •  5i   *i  =  »34* 

It  stops  659  invisible  rays  of  heat. 

tfifftb  Experiment. 

Stove.  Pale  indigo  glau. 

o'  537  53i 

3  .  .   59i  55!  •  •  •  H  :  i.  =»3oo 

It  stops  700  invisible  rays  of  heat. 

i86*&  Experiment. 

Stove.  Purple  glau. 

o'  5H 
3  5^1  5*i-  s  Xjaa,*70 

It  stops  730  invisible  rays  of  heat. 

187^  Experiment. 

Stove.  Violet  glau. 

°'  51  5li 

3  55i  53  •••  4i:  J2  =  »3^ 

It  stops  684  invisible  rays  of  heat. 

3  Sa 
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iSStb  Experiment. 

Stove.  Crown  glut ;  one  ride  rubbed  on  emery. 

3  54i  5°i  •  •  •  5  :  H  =  ,225 

This  glass,  so  prepared,  stops  775  invisible  rays  of  scattered 
heat. 

189/&  Experiment. 

Stove.  Coach  glau  ;  one  side  rubbed  on  emery, 

o'  50  50 

3  57i  5i£...7£:i£  =  >259 

It  stops  741  invisible  rays  of  scattered  heat. 

igotb  Experiment. 

Stove.  Crown  glau  ;  both  tide*  rubbed  on  emery. 

o'  52  52 

3  58  53...6:  i=z=,i67 

It  stops  833  invisible  rays  of  scattered  heat. 
«■ 

19 1st  Experiment. 

Stove.  Coach  glau ;  both  tides  rubbed  on  emery. 

o'  52  52 

3  55i  5H-  •  •  3i:i  =,231 

It  stops  769  invisible  rays  of  scattered  heat. 

192*/  Experiment. 

Stove.  Olive  colour,  burnt  in  glau. 

o'  5*i  5*i 

3  57  53i  •  •  •  5i  •  2  =  ,364 

It  stops  636  invisible  rays  of  scattered  heat. 


Digitized  by  Google 


on  the  terrestrial  Rays  that  occasion  Heat.  497 
193^  Experiment. 

Stove.  White  paper. 

o'  52  52 

S  57i  54t  •  •  •  5i  •  *i  =  ,465 

This  substance  stops  only  535  invisible  rays  of  scattered 
heat. 

194/J&  Experiment. 

Stove.  Linen. 

°'  53i  534 

3  57i  55i  •  •  •  4i :  H  =  >543 

It  stops  457  invisible  rays  of  scattered  heat. 

Article  vi. — Scattering  of  Solar  Heat. 

We  are  now  come  to  a  branch  of  our  inquiry  which,  from  its 
novelty,  would  deserve  a  fuller  investigation  than  we  can  at 
present  enter  into.  The  scattering  of  heat,  is  a  reflection  of  it 
on  the  rough  surfaces  of  bodies :  it  is  therefore  a  principle  of 
general  influence,  since  all  bodies,  even  the  most  polished,  are 
sufficiently  rough  to  scatter  heat  in  all  directions.  In  order,  there- 
fore, to  compare  the  effect  of  rougli  surfaces  on  heat  with  their 
effect  on  light,  I  have  made  a  number  of  experiments,  from 
which  the  following  are  selected,  for  the  purpose  of  our  intended 
comparative  view. 

The  apparatus  I  have  used  for  scattering  solar  heat,  is  like 
that  which  served  for  transmissions ;  *  but  here  the  holes 
through  which  the  sun's  rays  enter,f  are  very  exactly  i\  inch 
in  diameter  each ;  and  are  chamferred  away  on  the  under  side, 

•  Sec  Plate  XXI.  Fig.  i.  f  Sec  Plate  XXU.  Fig.  4. 
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that  no  re-scattering  may  take  place  in  the  thickness  of  the 
covering  board :  the  distance  of  the  centre  of  the  holes  is  4 
inches.  A  little  more  than  an  inch  below,  and  under  the  centre 
of  the  holes,  are  the  balls  of  the  small  thermometers  A  and  B, 
well  shaded  from  the  direct  rays  of  the  sun,  by  small  slips  of 
wood,  of  the  shape  of  the  ball,  and  of  that  part  of  the  stem  which 
is  exposed. 

Under  each  thermometer  is  a  small  tablet*  on  which  the  ob- 
jects intended  for  scattering  the  sun's  rays  are  to  be  placed. 
The  tablets  are  contrived  so  as  to  bring  the  objects  perpendi- 
cularly under  the  openings,  and  under  the  centre  of  the  balls 
of  the  thermometers,  at  the  distance  of  exactly  one  inch  from 
them.  Every  thing  being  thus  alike  on  both  sides  of  the  box, 
it  is  evident,  from  the  equality  of  the  holes,  that  an  equal  num- 
ber of  solar  rays  will  fall  on  each  object,  and  will  by  them  be 
scattered  back  on  the  thermometers,  at  equal  angles,  and  equal 
distances. 

The  first  five  experiments  that  follow,  were  made  with  an 
apparatus  somewhat  different  from  the  one  here  described ;  and, 
though  the  result  of  them  may  not  be  so  accurate  as  if  they  had 
been  made  with  the  present  one,  I  must  give  them  as  they  are, 
since  time  will  not  allow  of  a  repetition. 


Here  an  object  of  a  white  colour,  3,6  inches  long,  and  2,6 
broad,  scattered,  in  5  minutes,  413  rays  of  heat  back  upon  one 

•  See  Plate  XXII.  Fig.  5. 


195th  Experiment. 

San.  Mcuagc  cat 


O' 

5 


66}..  ,5j:«f  =  ,413 
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thermometer,  while  the  other  received  a  thousand,  directly  from 
the  sun.  Now,  in  order  the  better  to  compare  the  proportion  of 
light  and  heat  scattered  by  different  objects,  we  shall  put  these 
413  rays  equal  to  1000 ;  or,  which  is  nearly  the  same,  multiply 
them  by  8,421.  Then,  since  the  message  card  also  scatters 
1000  rays  of  light,  as  will  be  found  in  a  table  at  the  end  of  the 
transmission  table,  our  present  object  may  be  made  a  standard 
for  a  comparison  with  the  four  following  ones. 

196^  Experiment. 

Sun.  Pink-coloured  piper  scattering. 

o'  64  64 

5  7o  66J-. .  .6:  2j.  =  , 438 

Here  a  piece  of  pink-coloured  paper,  of  the  same  dimensions 
with  the  card  of  the  last  experiment,  and  placed  in  the  same 
situation,  scattered,  as  we  find  by  the  same  mode  of  multipli- 
cation, 1060  rays  of  heat ;  and,  by  our  table,  it  scatters  513  of 
light 

lgytb  Experiment. 

Sun.  Pile-green  paper  scattering. 

o'  64*  6tf 

5  69f  *     66\£...5i:2i  =  ,37o 

This  piece  of  paper  scatters  896  rays  of  heat,  and  549  of 
light. 

lgStb  Experiment. 

Sun.  Dark-green  paper  scattering. 

This  paper  scatters  124s  rays  of  heat,  and  only  308  of 
light. 
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* 

iggtb  Experiment. 

Sun.  Black  paper  scattering. 

65i  66 

7o|  68  .  .  .      :  2  =  ,4,10 

This  paper  scatters  993  rays  of  heat,  and  420  of  light. 

From  these  experiments  it  seems  to  be  evident,  that  in  scat- 
tering heat,  the  colour  of  the  object  is  out  of  the  question  ;  or, 
at  least,  that  it  is  no  otherwise  concerned  than  as  far  as  it  may 
influence  the  texture  of  the  surface  of  bodies.  For  here  we  find 
that  pale-green,  which  is  brighter,  or  scatters  more  light,  than 
dark-green,  yet  scatters  less  heat.  Even  black,  so  generally 
known  to  scatter  but  little  light,  scatters  much  heat.  But,  in 
order  to  put  this  surmise  to  a  fairer  trial,  I  made  the  following 
experiments  with  my  new  machine. 

200//)  Experiment. 

I  covered  one  of  the  tablets  with  white  paper,  and  the  other 
with  black.  The  quantity  of  sunshine  admitted  through  the 
two  openings,  of  i£  inch  in  diameter  each,  being  equal,  I  found 
the  heat  scattered  on  both  thermometers  to  be  as  follows. 

White  paper.  Black  paper  icattcring. 

o'  71$  72 

5  75i  75  •  •  •  Sf  =  3  =  ,77* 

I  turned  now  the  tablets,  and  had, 

Black  paper.  While  paper  icattcring. 

o'  7si  72* 

5  75i  75$  •  •  •  *i  •  3«  =  >7&> 

These  results,  agreeing  sufficiently  well  together,  shew  that 

if  we  make  white  paper  our  standard,  and  suppose  it  to  scatter 
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1000  rays  of  heat,  and  1000  of  light,  then  will  black  paper  scat- 
ter 767  rays  of  heat,  and  420  of  light. 

201st  Experiment. 

*  7$i  73? 

5  77i  77---4:3i  =  >8.3 

This  scatters  813  rays  of  heat;  and,  when  it  is  suspended  so 
that  the  rays  which  pass  through  it  may  not  be  reflected,  it 
scatters  only  64  rays  of  light. 

202^  Experiment. 

As  my  intention  at  present  was  to  find  a  black  substance  that 
should  scatter  more  heat  than  a  white  one,  I  thought  it  would 
be  the  readiest  way  to  examine  the  white  and  black  objects 
separately,  that  of  all  the  white  ones  I  might  afterwards  take 
that  which  scattered  least,  and  compare  it  with  the  black  one 
which  scattered  most. 

White  paper.  White  linen  icattcring. 

o'        m  75 

5  79  •  79i---4i:4i=1»000 

These  objects  scatter  heat  equally,  and  very  nearly  also  light; 

for  our  table  gives  for  linen  1008. 

203d  Experiment. 

While  paper.  White  cotton  scattering. 

*  74i  74f 

5  7H  7H--$i'3i=l 

These  objects  scatter  heat  equally.  White  cotton  scatters 

1054  rays  of  light. 

mdccc.  3  T 
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20 ±tb  Experiment. 

White  paper.  White  muslin  lettering. 

°'  7Si  73i  ■ 

5  77i  7^1  •  •  •  4  3t  =  >875 

White  muslin  scatters  875  rays  of  heat,  and  827  of  light. 

205th  Experiment. 

While  paper.  White  penian  scattering. 

5  77f  7H    -3i-3i  =  1,074 

White  persian  scatters  1074  rays  of  heat;  and,  when  sus- 
pended like  the  black  muslin  in  the  201st  experiment,  it  scat- 
ters 6>i  rays  of  light. 

2o6/,6  Experiment. 

White  paper.  White  knit  wonted  j  rough  aide  outward*. 

5  52f  53| . . .  if:  2  =  1,231 

White  worsted  scatters  1231  rays  of  heat,  and  620  of  light. 

207/6  Experiment. 

White  paper.  White  chamois  leather ;  the  amooth  aide 

expotcd. 

74f  74i 
7H  79...  3i'-  4*  =  1.167 

White  chamois  leather  scatters  1167  rays  of  heat,  and  1228 
of  light. 

208/6  Experiment. 

^  Black  paper.  Black  velvet  Mattering. 

75i  75i 

79i  80..  ,3i:  4i=  1,179 
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Making  now  black  paper  the  standard,  and  supposing  it  to 
scatter  1000  rays  of  heat,  and  the  same  of  light,  then  black  vel- 
vet scatters  1 179  rays  of  heat,  and  only  17  of  light.  This  last 
number  we  obtain,  by  dividing  the  tabular  number  7,  for  black 
velvet,  by  ,42,  which  is  the  proportion  of  black  paper  to  white. 

209th  Experiment. 

Black  paper.  Black  muslin  Kattering. 

o'  75i  75i 

Black  muslin  scatters  1192  rays  of  heat,  and  43  of  light. 

8*00  Experiment. 

Bl»ck  paper.  Black  satin  Kattering. 

o'  7H  7H 

5  79  9°*  •  •  •  *i :  Si-  = 

Black  satin  scatters  1409  rays  of  heat,  and  243  of  light. 

•     •      *  •  *  • 

211/A  Experiment. 

Having  now  ascertained,  that  of  all  the  white  and  black  sub- 
stances I  had  tried,  white  muslin  scatters  the  least,  and  black 
satin  the  most  heat,  I  placed  the  former  on  one  tablet,  while  the 
latter  was  put  on  the  other. 

White  muslin.  Black  satin  scattering. 

•      o'  76J  76i 

5  80  8oi...sf :  31=1,06*9 

Here  the  black  object  scattered  more  heat  than  the  white 
one ;  but,  in  order  to  try  again  the  equality  of  the  tablets  and 
apparatus,  I  placed  the  objects  under  the  opposite  thermome- 
ters, and  had  as  follows. 

3T2 
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c/  78  78 

5  8o|  8o£ »|  =  1,050 

So  that,  notwithstanding  some  little  difference  in  the  appa- 
ratus, or  other  unavoidable  circumstances,  the  black  object 
gave  again  the  greatest  scattering  of  heat ;  and  consequently,  as 
no  colour  can  be  more  opposite  than  black  and  white,  colour 
can  have  no  concern  in  the  laws  that  relate  to  the  scattering  of 
heat. 

s iztb  Experiment. 

I  wished  now  to  try  some  experiments  of  the  scattering  power 
of  metals,  and  had  some  plates  of  iron,  brass,  and  copper,  two 
inches  square,  set  flat,  and  smooth-filed,  by  round  strokes. 


<*  74  7Si 

5  7H  77t'--4t*-4t  =  >917 

S13&&  Experiment. 

Tin  foil.  Gold-leaf  paper  scattering. 

o'  74  74 

5  77i  79f---Si:5f=i>5oo 

But  the  tin  foil  was  considerably  tarnished. 

214,^6  Experiment. 

Finding  the  form  of  the  last  experiments  inconvenient,  for 
want  of  a  standard,  I  had  recourse  again  to  white  paper. 

White  paper.  Tin  foil  acattering. 

o'  50J  52 

5  53*  54t  •  •  •  Si :  *l  =  >885 

This  substance  scatters  885  rays  of  heat,  and  8483  of 

light 
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215th  Experiment. 

White  paper.  Iron. 


o'  5H  53 


i 


5  54*  55i-.-3:si  =  »750 

Some  time  having  elapsed  between  the  former  observation 
and  the  present  one,  this  plate  of  iron  was  not  now  so  bright 
as  before,  and  seems  to  have  suffered  more  than  brass  or  copper 
from  having  been  laid  by :  it  scatters  now  only  750  rays  of 
heat,  and  10014  of  light. 

216th  Experiment 

White  paper.  Braai. 

o'  50  51$; 

5  5Si  55i  •  •  •  3i  ;  4i  =  *>32° 

It  scatters  1320  rays  of  heat,  and  no  less  than  43858  of 

light. 

217^  Experiment. 

White  paper.  Copper. 

53  55t...3|*4=i>28o 
It  scatters  1280  rays  of  heat,  and  13128  of  light. 

218^  Experiment. 


54i  55* 

5^  56...  i£:J.=r,357 

I  changed  the  tablets  to  see  what  difference  there  might  be. 

Gold  paper.  White  paper. 

55i  55f 

5H  57*-..i:i*  =  ,5oo 
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A  mean  between  the  two  gives  ,429.  Gold  paper,  therefore, 
scatters  only  429  rays  of  heat,  and  no  less  than  124371  rays 
of  light. 

219/6  Experiment. 

Black  velvet.  Gold  paper  scattering. 

o'  52  517 

S  53i  527-.  •  H-i  =-,55^ 

I  turned  the  tablets,  in  order  to  ascertain  the  difference. 

Gold  paper.  Black  velvet. 

o'  51  5*i 

5  5*i  53- -i  :  it  =,600 

From  a  mean  of  both  it  appears,  that  when  black  velvet 
scatters  1000  rays  of  heat,  and  only  7  rays  of  light,  gold  paper, 
on  the  contrary,  scatters  no  more  tlian  578  rays  of  heat,  but 
124371  of  light. 

* 

Art.  vh. — Whether  Light  and  Heat  be  occasioned  by  the  same, 

or  by  different  Rays. 

Before  we  enter  into  a  discussion  of  this  question,  it  appears 
to  me  that  we  are  authorised,  by  the  experiments  which  have 
been  delivered  in  this  Paper,  to  make  certain  conclusions,  that 
will  entirely  alter  the  form  of  our  inquiry.  Thus,  from  the  18th 
experiment  it  appears,  that  21  degrees  of  solar  heat  were  given 
in  one  minute  to  a  thermometer,  by  rays  which  had  no  power 
of  illuminating  objects,  and  which  could  not  be  rendered  visible, 
notwithstanding  they  were  brought  together  in  the  focus  of  a 
burning  lens.  The  same  has  also  been  proved  of  terrestrial 
heat,  in  the  9th  experiment ;  where,  in  one  minute,  39  degrees 
of  iUvere  given  to  a  thermometer,  by  rays  totally  invisible,  even 
when  condensed  by  a  concave  mirror.  Hence  it  is  established, 
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by  incontrovertible  facts,  that  there  are  rays  of  heat,  both  solar 
and  terrestrial,  not  endowed  with  a  power  of  rendering  objects 
visible. 

It  has  also  been  proved,  by  the  whole  tenour  of  our  prismatic 
experiments,  that  this  invisible  heat  is  continued,  from  the  be- 
ginning of  the  least  refrangible  rays  towards  the  most  refran- 
gible ones,  in  a  series  of  uninterrupted  gradation,  from  a  gentle 
beginning  to  a  certain  maximum ;  and  that  it  afterwards  declines, 
as  uniformly,  to  a  vanishing  state.  These  phenomena  have  been 
ascertained  by  an  instrument,  which,  figuratively  speaking,  we 
may  call  blind,  and  which,  therefore,  could  give  us  no  infor- 
mation about  light;  yet,  by  its  faithful  report,  the  thermometer, 
which  is  the  instrument  alluded  to,  can  leave  no  doubt  about 
the  existence  of  the  different  degrees  of  heat  in  the  prismatic 
spectrum. 

This  consideration,  as  has  been  observed,  must  alter  the  form 
of  our  proposed  inquiry;  for  the  question  being  thus  at  least 
partly  decided,  since  it  is  ascertained  that  we  have  rays  of  heat 
which  give  no  light,  it  can  only  become  a  subject  of  inquiry, 
whether  some  of  these  heat-making  rays  may  not  have  a  power 
of  rendering  objects  visible,  superadded  to  their  now  already 
established  power  of  heating  bodies. 

This  being  the  case,  it  is  evident  that  the  onus probandi  ought 
to  lie  with  those  who  are  willing  to  establish  such  an  hypo- 
thesis ;  for  it  does  not  appear  that  nature  is  in  the  habit  of  using 
one  and  the  same  mechanism  with  any  two  of  our  senses; 
witness  the  vibrations  of  air  that  make  sound ;  the  effluvia  that 
occasion  smells  ;  the  particles  that  produce  taste  ;  the  resistance 
or  repulsive  powers  that  affect  the  touch:  all  these  are  evi- 
dently suited  to  their  respective  organs  of  sense.    Are  we  then 
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here,  on  the  contrary,  to  suppose  that  the  same  mechanism 
should  be  the  cause  of  such  different  sensations,  as  the  delicate 
perceptions  of  vision,  and  the  very  grossest  of  all  affections, 
which  are  common  to  the  coarsest  parts  of  our  bodies,  when 
exposed  to  heat  ? 

But,  let  us  see  what  light  may  now  be  obtained  from  the 
several  articles  that  have  been  discussed  in  this  Paper.  It  has 
been  shewn,  that  the  effect  of  heat  and  of  illumination  may  be 
represented  by  the  two  united  spectra,  which  we  have  given.* 
Now,  when  these  are  compared,  it  appears  that  those  who 
would  have  the  rays  of  heat  also  to  do  the  office  of  light,  must 
be  obliged  to  maintain  the  following  arbitrary  and  revolting 
positions ;  namely,  that  a  set  of  rays  conveying  heat,  should 
all  at  once,  in  a  certain  part  of  the  spectrum,  begin  to  give  a 
small  degree  of  light ;  that  this  newly  acquired  power  of  illu- 
mination should  increase,  while  the  power  of  heating  is  on  the 
decline;  that  when  the  illuminating  principle  is  come  to  a 
maximum,  it  should,  in  its  turn,  also  decline  very  rapidly,  and 
vanish  at  the  same  time  with  the  power  of  heating.  How  can 
effects  that  are  so  opposite  be  ascribed  to  the  same  cause  ?  first 
of  all,  heat  without  light;  next  to  this,  decreasing  heat,  but 
increasing  light ;  then  again,  decreasing  heat  and  decreasing 
light.  What  modification  can  we  suppose  to  be  superadded  to 
the  heat-making  power,  that  will  produce  such  inconsistent 
results  ? 

We  must  not  omit  to  mention  another  difference  between 
light  and  heat,  which  may  be  gathered  from  the  same  article 
of  the  refrangibility  of  heat-making  rays.  It  is,  that  though 
light  and  heat  are  both  refrangible,  the  ratio  of  the  sines  of 

•  Sec  page  439,  and  Plate  XX. 
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incidence  and  refraction  of  the  mean  rays  is  not  the  same  in 
both.  Heat  is  evidently  less  refrangible  than  light;  whether 
we  take  a  mean  refrangible  ray  of  each,  or,  which  I  believe  to 
be  the  better  way  of  proceeding,  whether  we  take  the  maximum 
of  heat  and  light  separately.  This  appears,  not  only  from  the 
view  we  have  taken  of  the  two  spectra  already  mentioned,  but 
more  evidently  from  the  23d  experiment,  by  which  we  find,  that 
heat  cannot  be  collected  by  a  lens,  to  the  same  focus  where  light 
is  gathered  together. 

Our  fifth  article,  in  which  an  account  has  been  given  of  the 
proportions  of  heat  and  light  stopped  by  glasses  and  other  sub- 
stances, will  afford  us  now  an  ample  field  for  pointing  out  a 
striking  difference  between  these  two  principles.  From  the 
24th  to  the  30th  experiment,  we  have  the  quantities  intercepted 
by  colourless  substances  as  follows. 

• 

.  .  Table  L 

Bluish-white  glass  stops  25o~rays  of  heat,  and    86  of  light. 

White  flint  glass    -   "  -  gi  -       -       -    84,  - 

Greenish  crown  glass  -  259  -      -      -     203  - 

Coach  glass    -       -  214  -                 168  - 

Iceland  crystal    -       -  244  -       -       -     150  - 

Talc    -              -  139  -       -         90  -  - 

Calculable  talc   -       -  184  -      -  ■      -    288  -  - 

Now,  by  casting  an  eye  on  the  above  table,  it  will  be  seen 
immediately,  that  no  kind  of  regularity  takes  place  among  the 
proportions  of  rays  of  one  sort  and  of  another,  which  are 
stopped  in  their  passage.  Heat  and  light  seem  to  be  entirely 
unconnected.  The  bluish-white  and  flint  glasses,  for  instance, 
stop  nearly  three  times  as  much  heat  as  light ;  whereas,  the 

mdccc.  3  U 
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greenish  crown  glass  stops  only  about  one-fourth  more  of  the 
former  than  of  the  latter;  but,  as  coloured  glasses  take  in  a 
much  greater  range,  I  will  now  also  give  a  tabular  result  of  the 
experiments  that  have  been  given  relating  to  them. 

Table  II. 

Very  dark  red  glass  stops  800  rays  of  heat,  and  099to  °f  %nt- 


w       1  1 

Dark-red 

606  - 

- 

-  '  999A  -  " 

Orange 

-  604 

779     -  - 

Yellow 

-      "   333  - 

-    819     -  - 

Pale-green 

6S3 

535     -  - 

Dark-green 

-    849  - 

•   -   949     -  ' 

Bluish-green  - 

768 

1 

-  769     -  - 

Pale-blue  - 

-  812  - 

-    684     -  - 

Dark-blue 

36a 

801     -  - 

Indigo 

-    633  - 

999to  ~ 

Pale-indigo  - 

532 

-  978     -  - 

Purple  - 

-     583  " 

-     993     -  - 

Violet 

4,89  - 

-   955     ~  - 

From  this  table,  I  shall  also  point  out  a  few  of  the  most 
remarkable  results.  A  yellow  glass,  for  instance,  stops  only 
333  rays  of  heat,  but  stops  819  of  light:  on  the  contrary,  a 
pale  blue  stops  812  rays  of  heat,  and  but  684  of  light.  Again, 
a  dark  blue  glass  stops  only  362  rays  of  heat,  but  intercepts 
801  of  light;  and  a  dark  red  glass  stops  no  more  than  606 
rays  of  heat,  and  yet  intercepts  nearly  all  the  light ;  scarcely  one 
ray  out  of  5000  being  able  to  make  its  way  through  it. 

Before  I  proceed  to  a  more  critical  examination  of  these 
results,  it  will  be  necessary  to  add  also  a  table  of  the  same  kind, 
collected  from  the  experiments  with  liquids. 

< 
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Table  III. 

Empty  tube  and  2  glasses  stop  542  rays  of  heat,  and  204,  of  light. 


Spring  water.      -      -   -  558  -      -      -    211  - 

Sea  water             -     -     682  -      288  -  - 

Spirit  of  wine    -      -     -612  -              -    224  -  - 

Gin      -       ...   739  -      -        626  -  - 

Brandy      -      -      -      794  -      -       -   996  -  - 


To  which  may  be  joined,  a  table  containing  the  stoppages 
occasioned  by  scattering  substances. 


Table  IV. 

Rough  crown  glass  stops  464  rays  of  heat,  and  854  of  light. 


Rough  coach  glass 

571  - 

-     879   -  - 

The  1st  doubly  rough  - 

-  932   -  - 

The  2d  doubly  rough  - 

735  - 

-     94.6   -  - 

The  2  first  together  - 

698      -  - 

-  969   '  - 

The  2  next  together  - 

800  - 

-     979   -  - 

The  4  first  together 

854  - 

-     995    -  - 

Olive  colour,  burnt  in  - 

839  - 

-  984   -  - 

Calcined  talc 

867  - 

-     996   -  - 

White  paper  - 

850      -  - 

-  994   "  " 

White  linen  - 

916  - 

-     95«   -  - 

White  persian  - 

760 

-  916  - 

Black  muslin 

714  - 

-     737   -  - 

We,  shall  now  enter  more  particularly  into  the  subject  of 
these  four  tables,  that  we  may,  if  possible,  find  a  criterion 
by  which  to  judge  whether  heat  and  light  can  be  occasioned 

3  U  2 
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by  the  same  rays  or  not.  Now  this  I  think  will  be  obtained,  if 
we  can  make  it  appear  that  stopping  one  sort  of  rays  does  not 
necessarily  bring  on  a  stoppage  of  the  other  sort ;  for,  if  it  can 
be  shewn  that  heat  and  light  are  in  this  respect  independent  of 
each  other,  it  will  follow  that  they  must  be  occasioned  by  diffe- 
rent rays ;  and  I  shall  make  all  possible  objections  to  the  ar- 
guments I  mean  to  draw  from  these  tables,  in  order  to  shew 
that  no  hypothesis  will  evade  the  force  of  our  conclusions. 

It  has  been  noticed,  that  bluish-white  and  flint  glasses  stop 
nearly  three  times  as  much  heat  as  light ;  whereas,  crown  glass 
stops  only  about  one-fourth  more  of  the  former  than  of  the 
latter.  Now,  in  answer  to  this,  it  may  be  alleged,  "  that  the 
"  ingredients  of  which  the  former  glasses  are  made,  dispose 
"  them  probably  to  stop  the  invisible  rays  of  heat,  and  that 
"  consequently  a  great  interception  of  it  may  take  place,  with- 
"  out  bringing  on  a  necessity  of  stopping  much  light ;  and  that, 
"  on  the  other  hand,  the  different  texture  of  crown  glass  may 
"  slop  one  sort  of  heat  as  well  as  the  other,  so  that  nearly  an 
M  equality  in  this  respect  may  be  produced." 

When  a  hypothesis  is  made  in  order  to  explain  any  phaeno- 
menon  of  nature,  we  ought  to  examine  how  it  will  agree  with 
other  facts  ;  and,  in  this  case,  we  are  already  furnished  with  ex- 
periments, which  are  decidedly  against  the  supposition  that  has 
been  brought  forward.  For,  the  148th  and  149th  experiments 
shew  that  the  bluish-white  and  flint  glasses  transmit  all, or  nearly 
all,  the  invisible  rays  of  solar  heat ;  whereas  crown  glass,  by 
the  150th  experiment,  stops  a  considerable  number  of  them. 
But,  to  assist  the  objecting  argument,  let  it  be  alleged,  as  has 
been  proved  by  the  94th  experiment,  that  our  bluish-white 
glass  stops  a  considerable  portion  of  the  heat  that  goes  with  the 
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red  rays ;  then,  if  the  86  rays  of  light  which  this  glass  stops, 
are  supposed  to  be  all  of  that  sort,  the  heat  which  will  be 
stopped  in  consequence,  will,  according  to  the  experiment  we 
have  mentioned,  amount  to  86'  multiplied  by  ,375,  that  is,  3a 
rays  of  heat;  but,  since  250  have  been  stopped,  there  will 
remain  218  to  be  accounted  for. 

In  this  calculation,  a  manifest  concession  has  been  made, 
which  ought  to  be  explained.  When  I  mention  86  red-coloured 
or  red-making  rays,  I  mean  so  many  of  them  as  will  make  up 
86-thousandths  of  the  whole  effect  of  light;  for  the  quantity 
of  heat  and  light  transmitted,  or  stopped,  in  all  the  experiments 
that  have  been  given,  has  been  reduced  to  what  proportion  it 
bears  to  unity ;  and,  having  afterwards  represented  the  joint 
effect  of  every  ray  of  heat  and  light  by  1000,  each  mean  ray 
of  heat  must  be  the  thousandth  part  of  that  effect ;  but,  a  mean 
ray  of  light,  although  it  be  likewise  the  thousandth  part  of  the 
whole  effect  of  light,  will  not  be  so  of  heat,  because  the  whole 
effect  of  the  latter  is  partly  owing  to  rays  that  have  been  proved 
to  be  invisible.  On  this  account,  the  86  mean  rays  of  red  light, 
stopped  by  our  bluish-white  glass,  cannot  even  amount  to  a 
stoppage  of  32  rays  of  heat,  which  we  liave  allowed. 

As  I  have  made  the  concession  on  one  hand,  I  must  explain 
an  advantage  that  may  be  claimed  on  the  other ;  which  is,  that 
mean  rays  and  promiscuous  ones  have  already,  in  a  former 
Paper,  been  proved  to  differ  considerably,  and  that  it  remains 
therefore  unknown  how  many  red-making  rays  we  may  sup- 
pose to  be  stopped,  in  order  to  make  up  86  mean  rays  of  light. 
In  answer  to  this,  however,  I  must  observe,  that  the  number  of 
promiscuous  rays  of  light  and  of  heat  must  always  be  inversely 
as  their  power  of  occasioning  those  sensations ;  so  that  if,  for 
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instance,  a  red  ray  is  supposed  to  be  twice  as  heating  as  a  green 
one,  there  will  only  go  half  the  number  of  them  to  make  up  a 
certain  effect  of  heat ;  and,  on  the  other  hand,  if  a  green  ray 
should  have  a  double  power  of  illuminating,  there  will  be  no 
more  than  half  the  number  of  them  necessary  to  occasion  a 
certain  effect  of  light.  But,  by  my  former  experiments,*  a  red 
ray,  though  much  inferior  to  a  green  one,  is  probably  fully  equal 
in  illumination  to  a  mean  ray  of  all  the  colours  united  together. 
Now,  as  red  rays  have  also  been  proved  to  be  accompanied  by 
the  greatest  heat,  and  as  our  bluish-white  glass  stops  hardly 
any  invisible  heat  rays,  we  have  certainly  gone  the  full  length 
of  fair  concessions,  by  allowing  all  the  light  stopped  by  this 
glass  to  be  of  that  sort ;  and  thus  it  seems  to  be  evident,  that 
the  heat  which  lies  under  the  colours,  if  I  may  use  this  expres- 
sion, may  be  stopped,  without  stopping  the  colours  themselves. 

It  will  not  be  necessary  to  lay  much  stress  on  this  single 
experiment;  our  second  table  affords  us  sufficient  ground  on 
which  to  rest  more  forcible  arguments.  A  dark-red  glass,  for 
instance,  was  found  to  stop  606  rays  of  heat,  and  999,8  of  light. 
This,  even  at  the  very  first  view,  seems  to  amount  to  a  total 
separation  of  the  two  principles ;  but  let  us  discuss  the  phseno- 
menon  with  precision. 

As  only  one  ray  in  5000  can  make  its  way  through  this 
glass,  it  is  evident,  that  if  the  rays  of  light  be  also  those  of  heat, 
there  can  hardly  come  any  heat  through  it  but  what  must  be 
occasioned  by  rays  that  are  invisible.  It  will  therefore  become 
a  question  to  be  examined,  how  many  of  this  sort  we  can  ad- 
mit, if  we  proceed  on  a  supposition  that  heat  consists  of  light, 
as  far  as  that  will  go.  Now  this,  we  find,  has  already  been 

•  Seepage  270,  10th  experiment; 
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ascertained,  in  a  great  measure,  by  our  13th,  17th,  and  18th 
experiments.  In  the  13th,  one  hundred  and  twenty  degrees  of 
heat  were  given  to  a  thermometer,  in  one  minute,  by  the  rays 
which  accompany  the  coloured  part  of  the  spectrum.  In  the 
1 7th  experiment,  on  the  contrary,  we  find  only  45  degrees  of 
heat  communicated  to  the  same  thermometer,  in  the  same  time, 
by  the  invisible  rays  of  the  same  spectrum.  If  we  would  be 
more  scrupulous,  the  18th  experiment  limits  the  heat  from  rays 
totally  invisible  even  to  21  degrees;  but,  in  order  to  make 
every  possible  allowance,  let  the  proportion  be  the  most  favour- 
able one  of  120  to  45,  which,  reduced  to  mean  rays  of  heat, 
will  give  727  of  them  visible,  and  273  invisible,  to  make  up 
our  thousand. 

To  return  to  the  experiment :  if  the  total  number  of  rays  of 
heat  ascribed  to  light  should  accordingly  be  rated  at  727,  it  is 
evident,  from  the  stoppage  of  light  of  this  glass,  that  726  rays 
*  of  heat  at  least  must  also  be  intercepted ;  and,  in  consequence 
of  the  153d  experiment,  which  shews  that  our  glass  opposes  no 
obstruction  to  any  of  the  invisible  rays,  we  shall  require  no  more. 
But,  by  our  present  experiment,  this  glass  stops  only  606  rays 
of  heat;  so  that  120  of  them  will  remain  unaccounted  for. 
Now,  the  moment  we  give  up  the  hypothesis  that  heat  is  occa- 
sioned by  the  rays  of  light,  the  difficulty  becomes  fully  resolved 
by  our  100th  experiment,  which  shews  that  full  three-tenths  of 
the  rays  that  have  the  refrangibility  of  the  red  are  actually 
transmitted. 

In  order,  however,  to  make  a  second  attempt  to  overcome  this 
difficulty,  without  giving  up  the  hypothesis,  it  may  be  supposed, 
"  that  perhaps  the  lens  which  has  been  used  in  the  13th,  17th,  and 
"  18th  experiments  might  stop  a  greater  number  of  invisible 
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"  than  visible  rays,  and  that  its  report  therefore  ought  not  to  be 
m  depended  upon."  Now,  although  it  does  not  appear  from  the 
148th  experiment  that  such  a  supposition  can  have  much  foun- 
dation, yet,  since  those  experiments  were  not  made  with  a  view 
to  ascertain  the  proportion  of  heat  contained  in  each  part  of  the 
prismatic  spectrum,  we  cannot  lay  so  much  stress  upon  them 
as  the  accuracy  which  is  required  in  this  case  renders  necessary. 
Let  it  therefore,  contrary  to  our  100th  experiment,  be  admitted, 
In  order  to  explain  the  phenomenon  of  the  red  glass,  which 
stops  so  much  light  and  so  little  heat,  that  all  the  heat  which 
it  intercepts  consists  entirely  of  the  rays  which  are  visible,  and 
that  every  one  of  the  invisible  rays  of  heat  is  transmitted. 
Then  will  999,8  intercepted  rays  of  light  be  equal  to  606  rays 
of  heat;  and  the  remaining  394  will  be  the  number  of  rays 
we  are  now  to  place  to  the  account  of  the  invisible  heat  which  is 
transmitted. 

Having  thus  also  got  rid  of  this  difficulty,  we  are  next  to 
examine  how  other  facts,  collected  in  the  same  table,  will  agree 
with  our  new  concession.  A  violet-coloured  glass,  for  instance, 
stops  955  rays  of  light ;  these,  at  the  rate  of  999,81  or  say  1000, 
to  606,  must  occasion  a  deficiency  of  579  rays  of  heat.  But, 
by  our  table,  this  glass  stops  only  489  of  them ;  and  there  will 
thus  be  90  rays  of  heat  left  unaccounted  for.  To  enhance 
the  difficulty,  this  glass,  by  our  164th  experiment,  stops  also  i 
of  the  supposed  394  invisible  rays,  which  will  amount  to  an 
additional  sum  of  98.  And  our  111th  experiment  shews,  that 
actually  a  great  number  of  these  rays,  that  otherwise  cannot  be 
accounted  for,  come  from  the  store  of  heat,  the  rays  of  which 
are  of  the  refrangibility  of  red  light. 

A  dark-blue  glass  stops  801  rays  of  light ;  these,  if  light  and 
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heat  were  occasioned  by  the  same  rays,  would  produce  a  stop- 
page of  485  rays  of  heat ;  but  we  find  that  our  glass  stops  no 
more  than  362,  so  that  123  rays  cannot  be  accounted  for  by 
this  hypothesis.  To  this  we  should  add  66  invisible  rays,  (that 
is,  394  x  ,167,)  which,  according  to  our  160th  experiment,  this 
glass  also  intercepts.  But  the  107th  experiment,  if  we  reject 
the  hypothesis,  immediately  explains  the  difficulty;  for  here 
we  plainly  see,  that  only  71  rays  of  heat  of  the  refrangibility 
of  red  light  are  stopped,  whatever  may  be  the  stoppage  of  that 
light  itself. 

A  yellow  glass  stops  819  rays  of  light:  these  will  occasion 
a  stoppage  of  496  rays  of  heat ;  but  this  glass  intercepts  only 
333,  and  therefore  163  rays  of  heat  must  also  remain  unac- 
counted for.  And,  turning  to  the  155th  experiment,  we  find 
that  79  rays,  or  £  of  the  394  allowed  to  be  invisible  ones,  are 
also  to  be  added  to  that  number. 

If  in  the  results  of  our  second  table  we  have  had  an  excess 
of  heat,  which  the  last  hypothesis  would  not  account  for,  we 
shall,  on  the  contrary,  meet  with  a  considerable  deficiency, 
when  we  come  to  consider  those  of  the  third  table. 

For  instance,  our  tube  filled  with  well-water,  including  the 
glasses  at  the  end,  intercepted  211  rays  of  light.  These,  at  the 
rate  of  606  to  the  thousand,  would  produce  only  a  stoppage  of 
128  rays  of  heat;  but  here  we  find  no  less  than  558  of  them 
intercepted.  To  evade  the  pressure  of  these  consequences,  it 
may  be  said, "  that  as  before  every  invisible  ray  was  supposed  to 
"  have  been  transmitted  through  glasses,  so  they  may  now  be  all 
"  intercepted  by  liquids."  And,  granting  this  also  to  be  possible, 
though  by  no  means  probable,  for  the  great  extent  of  these 
researches  has  not  allowed  sufficient  time  for  many  experiments 
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to  be  made  that  have  been  planned  for  execution ;  yet,  even 
then,  128  visible  and  394,  invisible  rays  to  be  intercepted,  will 
only  make  up  52a;  so  that  a  deficiency  of  36  must  still  remain. 

In  sea-water,  the  balance  will  stand  thus :  288  rays  of  light 
give  175  rays  of  heat;  these  and  394,  invisible  rays  make  up 
569 ;  but  the  rays  actually  intercepted  were  682,  which  argues 
a  deficiency  of  no  less  than  1 13  rays. 

But  if  I  have  for  a  moment  admitted  the  entire  stoppage  of 
the  invisible  rays  of  heat  in  liquids,  the  same  indulgence  can- 
not be  granted  for  the  empty  tube,  as  we  know  it  does  neither  take 
place  in  glasses,  nor  in  air.  Therefore  we  must  calculate  thus: 
this  compound  of  glass  and  air  stops  204,  rays  of  light;  these 
can  amount  only  to  124  rays  of  heat;  but  it  is  found  to  stop 
542  of  them,  so  that  418  remain  to  be  accounted  for.  Now, 
we  certainly  can  not  suppose  more  than  100  of  them  to  owe 
their  deficiency  to  the  store  of  invisible  heat;  so  that  318  wilL 
still  remain  unaccounted  for. 

And  thus,  from  the  second  table,  we  have  given  instances 
where  the  assumed  hypothesis  of  visible  and  invisible  heat,  in 
certain  proportions,  would  require  a  greater  stoppage  than  our 
experiments  will  admit;  and  now,  on  the  contrary,  it  appears, 
that  interceptions  calculated  according  to  the  same  hypothesis, 
should  be  less  than  the  results  in  the  third  table  give  them. 
From  which  we  conclude,  that  every  other  proportion  fixed 
upon,  would  always  be  erroneous,  either  in  excess  or  in  defect. 

Equal  contradictions  may  be  shewn  to  attend  all  endeavours 
to  account  for  the  results  contained  in  our  fourth  table,  by  ad- 
mitting any  visible  heat  at  all,  let  the  quantity  be  what  it  will. 
To  make  the  proof  of  this  general,  let  1000  be  the  total  heat, 
and  assume  x  for  that  part  of  it  which  we  would  suppose  to  be 
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occasioned  by  visible  rays ;  then  will  1000  —  x  be  the  remainder, 
which  must  be  ascribed  to  rays  that  cannot  be  seen.  Now,  by 
our  table,  we  find  that  crown  glass,  of  which  one  side  has  been 
rubbed  on  emery,  stops  854  rays  of  light.  These  alone,  if  not  a 
particle  of  invisible  heat  were  stopped,  would  be  equal  to  ,854,  x 
visible  rays  of  heat,  that  must  be  intercepted  by  the  glass.  When 
the  other  side  of  this  glass  has  also  been  rubbed  on  emery,  it  will 
stoP  932  rays  °f  light,  which  will  give  ,932  x,  for  the  quantity 
of  heat  to  be  intercepted,  on  the  same  supposition,  that  all  invi- 
sible rays  of  heat  are  transmitted.  But,  by  our  fourth  table,  we 
have  the  actual  stoppage  of  heat  of  these  glasses ;  which  will 
therefore  give  us  the  two  following  equations ;  ,854,  x  =  464, 
and  ,932  x  ss  667.   Then,  taking  the  first  from  the  last,  and 

reducing  the  remaining  equation,  we  obtain  x  =  ~jL  for  the 

visible  part  of  the  total  heat.  But        or  soos,  big  only  a 

part,  comes  out  greater  than  1000,  which  is  the  whole;  and 
this  being  absurd,  it  follows  that  visible  rays  of  heat  cannot  be 
admitted,  in  any  proportion  whatsoever.  This  will  equally  hold 
good  with  any  additional  stoppage  of  invisible  heat,  provided  it 
be  equal  in  both  glasses;  and,  of  this  equality,  the  165th  and 
167th  experiments  can  leave  us  no  room  to  doubt. 

• 

But  it  is  high  time  that  we  should  now  take  into  consideration 
a  more  direct  proof,  which  may  be  drawn  from  our  prismatic 
experiments.  The  results  of  them  are  here  brought  into  a  table, 
as  follows. 
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Table  V. 

Stoppage  of  prismatic  Heat  of  the  Refrangibility  of  the  Red  Rays, 


and  of  the  Invisible  Rays. 

Red  rayi.  Innsiblc  rays. 

Bluish-white  glass  stops    -  375  -  -  71 

Flint  glass       -       -       -  143  -  -  000 

Crown  glass       -  294  -  -  182 

Coach  glass       -  200  -  -  143 

Iceland  crystal       -       -  200         -  -   

Calcinable'talc  133  -  -  250 

Dark-red  glass       -       -  692  -        -  000 

Orange     -  500  -  -  273 

Yellow     -  417  -  -  200 

Pale-green                     -  588       -       -  375 

Dark-green      -  786  -  -  500 

Bluish-green        -         -  462  -  -  800 

Pale-blue       -  700  -  -  750 

Dark-blue       -       -       -  71  -  -  167 

Indigo       -  367  -  -  222 

Pale-indigo       -       -       -  313        -       -  250 

Purple     -  444  -  -  273 

Violet     -  400  -  -  250 

Crown  glass,  one  side  rough  389  -  -  .  600 

Coach  glass,  ditto      -      -  ,500  -  -  500 

Crown  glass,  both  sides  rough  471  -  -  600 

Coach  glass,  ditto       -       -  833  -  -  714 

Calcined  talc     -       -      -  737  -  -  889 


As  a  necessary  introduction  to  the  decisive  experiment  I  am 
going  to  analyse,  I  must  remark,  that  it  has  been  shewn  in  a 
former  Paper,  that  the  prism  separates  invisible  heat  from  the  co- 
loured spectrum,  by  throwing  that  which  is  less  refrangible  than 
light  to  one  side.  But  it  has  also  been  proved,  that  heat  of  the 
same  variety  in  refrangibility  as  the  different  colours,  is  likewise 
contained  in  every  part  of  the  coloured  spectrum.  The  question 
which  we  are  discussing  at  present,  may  therefore  at  once  be  re- 
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duced  to  this  single  point.  Is  the  heat  which  has  the  refrangibility 
of  the  red  rays  occasioned  by  the  light  of  these  rays  ?  For,  should 
that  be  the  case,  as  there  will  then  be  only  one  set  of  rays,  one  fate 
only  can  attend  them,  in  being  either  transmitted  or  stopped, 
according  to  the  power  of  the  glass  applied  to  them.  We  are 
now  to  appeal  to  our  prismatic  experiment  upon  the  subject, 
which  is  to  decide  the  question.  First,  with  regard  to  light,  I 
must  anticipate  a  series  of  highly  interesting  observations  I  have 
made,  but  which,  though  they  certainly  claim,  cannot  find  room 
in  this  Paper.  These  have  given  me  the  means  of  acting  sepa- 
rately upon  either  of  the  extremes,  or  on  the  middle  of  the  pris- 
matic spectrum ;  and  by  them  I  am  assured  that  red  glass  does 
not  stop  red  rays.  Indeed  the  appearance  of  objects  seen  through 
such  coloured  glasses,  till  I  can  give  those  observations,  will  be 
a  sufficient  proof  to  every  one  that  they  transmit  red  light  in 
abundance.  Next,  with  regard  to  the  rays  of  heat,  the  case  is 
just  the  reverse ;  for,  by  our  preceding  table,  the  red  glass  stops 
no  less  than  692,  out  of  a  thousand,  of  such  rays  as  are  of  the 
refrangibility  of  red  light.  The  incipient  stoppage,  moreover,  or 
that  in  two  minutes,  of  which  something  will  be  said  hereafter, 
amounts  even  to  750  rays. 

Now,  if  it  should  be  suspected,  "  that  on  account  of  the  great 
"  breadth  of  prism,  some  invisible  heat  maybe  thrown  upon  the 
H  spot  where  the  red  colour  falls/'  I  do  not  only  agree  to  it,  but 
am  certain  it  cannot  be  otherwise :  but  this  again,  will  give  addi- 
tional weight  to  our  present  argument ;  for,  by  the  153d  experi- 
ment, as  our  last  table  shews,  it  has  already  been  ascertained,  that 
all  such  heat  will  be  transmitted  through  a  red  glass ;  so  that, 
were  it  not  for  some  of  this  admixture,  the  stoppage  might  be  still 
greater. 
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Here  then  we  have  a  direct  and  simple  proof,  in  the  case  of 
the  red  glass,  that  the  rays  of  light  are  transmitted,  while  those 
of  heat  are  stopped,  and  that  thus  they  have  nothing  in  common 
but  a  certain  equal  degree  of  refrangibility,  which,  by  the  power 
of  the  glass,  must  occasion  them  to  be  thrown  together  into 
the  place  which  is  pointed  out  to  us  by  the  visibility  of  the  rays 
of  light. 

The  manifest  use  of  the  union  of  these  rays,  arising  from 
their  equal  refrangibility,  will  be  explained  at  a  future  opportu- 
nity, when  1  may  perhaps  throw  out  several  hints  that  have 
already  occurred  to  me,  where  the  contents  of  this  Paper  may 
be  applied  to  the  useful  purposes  of  life. 

There  still  remains  a  general  argument,  that  heat  and  light 
are  occasioned  by  different  rays,  which  ought  not  to  be  omitted. 
This,  on  account  of  the  contracted  state  in  which  the  experi- 
ments have  been  given,  cannot  appear  from  my  Paper ;  but,  by 
an  inspection  of  them  at  full  length,  it  is  proved,  that  the  stop- 
page of  solar  heat,  setting  aside  little  irregularities,  to  which  all 
observations  are  liable,  has  constantly  been  greater  in  the  first, 
second,  or  third  minute,  than  in  the  fourth  or  fifth ;  or,  more 
accurately,  nearer  the  beginning  of  the  five  minutes,  than  about 
the  end  of  them.  Now  this  does  not  happen  in  the  transmission 
of  light,  which,  as  far  as  we  know,  is  instantaneous ;  at  least  a 
failure  in  the  brightness  of  an  object,  when  first  we  look  at  it 
through  a  glass,  amounting  to  one,  two,  or  even  three  minutes, 
could  not  possibly  have  escaped  our  observation.  This  seems 
to  suggest  to  us,  that  the  law  by  which  heat  is  transmitted,  is 
different  from  tliat  which  directs  the  passage  of  light ;  and,  in 
that  case,  it  must  become  an  irrefragable  argument  of  the  diffe- 
rence of  the  rays  which  occasion  them. 
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The  surmise  of  a  difference  in  the  law  of  the  transmission  of 
heat  and  of  light,  is  considerably  supported  by  an  argument  drawn 
from  circumstances  of  a  very  different  nature.  In  the  scattered 
transmissions  arising  from  rough  surfaces,  we  find,  that  when 
crown  glass,  for  instance,  has  one  of  its  sides  rubbed  on  emery, 
it  will  stop  205  rays  of  heat  more  than  while  that  surface  re- 
mained polished ;  but  the  effect  of  the  roughness  produced  by 
emery  scratches,  is  far  more  considerable  on  the  rays  of  light ; 
the  additional  stoppage  of  them  amounting  to  no  less  than  651. 

A  confirmation  of  the  same  effect  we  have  in  coach  glass; 
which,  having  also  one  side  rubbed  on  emery,  stops  only  357 
rays  of  heat  more  than  it  did  before,  while  there  is  an  additional 
stoppage  of  rays  of  light,  amounting  to  no  less  than  717.  Now, 
since  the  interior  construction  of  these  glasses,  before  and  after 
having  been  rubbed  on  emery,  remains  the  same,  these  remark- 
able  effects  can  only  be  ascribed  to  the  roughness  of  their  sur- 
faces.  Hence,  we  may  conclude,  that  as  the  same  cause,  when 
it  acts  upon  the  rays  of  heat  and  light,  produces  effects  so  very 
different,  it  can  only  be  accounted  for  by  admitting  the  rays 
themselves  to  be  of  a  different  nature,  and  therefore  subject  to 
a  different  law  in  being  scattered.  It  has  already  been  shewn, 
that  the  rays  of  heat  are,  upon  an  average,  less  refrangible  than 
those  of  light ;  and  now  it  appears  that  they  are  also,  if  I  may 
introduce  a  convenient  term,  less  scatterable. 

We  ought  now  also  to  take  a  short  review  of  the  phenomena 
attending  the  transmission  of  terrestrial  heat.  The  results  of  the 
experiments  which  have  been  given,  are  drawn  into  one  view  in 
the  following  table. 
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1  ABLE  VI. 
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Invisible  heat. 
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Let  us  now  examine  what  information  we  may  draw  from 
the  facts  which  are  recorded  in  this  table.  The  first  that  must 
occur  is,  that  a  candle  which  emits  light,  is  also  a  copious  source 
of  invisible  heat.  If  this  should  seem  to  require  a  proof,  I  give 
it  as  follows. 

That  the  candle  emits  heat  along  with  light,  the  thermometer 
has  ascertained ;  and,  that  a  considerable  share  of  this  at  least 
must  be  invisible,  follows  from  comparing  together  the  quantity 
of  light  and  heat  which  are  stopped  by  different  glasses.  The 
bluish-white  one,  for  instance,  stops  86  rays  of  light,  and  625  of 
heat.  Hence,  if  only  visible  rays  of  heat  came  from  the  candle, 
a  glass  stopping  more  light,  as  for  instance  the  dark-red  glass, 
which  stops  999,8,  ought  to  stop  all  heat  whatsoever ;  but  the 
fact  is,  that  it  even  stops  one  hundred  rays  less  than  the  former. 

This  instance  alone  shews  plainly,  that  the  existence  of  invi- 
sible terrestrial  heat  in  the  flame  of  a  candle,  is  proved ;  while, 
on  the  contrary,  heat  derived  from  rays  that  are  visible,  remains 
yet  to  be  established,  by  those  who  would  maintain  that  there 
are  any  such.  But,  for  the  sake  of  argument,  let  us  endeavour 
to  explain  how  visible  rays  of  heat  may  be  reconciled  with  the 
contents  of  our  6th  table. 

"  Now  although  we  must  allow/'  it  may  be  said, "  that  there 
"  is  a  certain  quantity  of  candle-heat  which  cannot  be  seen,  we 
"  are  however  at  liberty  to  assign  any  ratio  that  this  may  bear  to 
"  its  visible  heat-rays.  Let  us  therefore  begin  with  the  bluish- 
"  white  glass,  and  make  the  most  favourable  supposition  we  can, 
"  in  order  to  explain  its  phenomena.  Visible  or  invisible,  it  stops 
f*  625  rays  of  heat,  and  also  86  of  light.  Now,  as  in  the  last 
"  column  of  the  table  we  have  likewise  the  proportional  quantity 
"  of  invisible  heat  it  intercepts,  which  is  700  out  of  a  thousand, 
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«  we  may  surmise  that  the  914  rays  of  light,  together  with  the 
«  300  of  the  invisible  rays  which  are  transmitted,  make  up  the  375 
"  rays  of  heat  which  pass  through  the  glass.  Hence,  by  algebra, 
«  we  have  the  number  of  invisible  heat-rays  878,  and  the  number 
"  of  the  visible  ones  122.  Then,  to  try  how  this  will  answer,  if 
"  1000  rays  of  light  give  122  of  heat,  86  will  give  10 ;  and,  if 
"  out  of  a  thousand  invisible  rays  700  be  stopped,  878  will  give 
"  615  to  be  intercepted.  The  sum  of  these  will  be  625,  which  is 
"  exactly  the  number  pointed  out  by  our  table."  Now  this  being 
a  fair  solution  of  one  instance,  let  us  see  how  it  will  agree  with 
some  others. 

Before  I  proceed,  however,  I  cannot  help  remarking,  that 
the  supporters  of  visible  heat-rays  must  feel  themselves  already 
considerably  confined,  as  our  present  argument  will  not  allow 
them  more  than  122  of  such  rays  out  of  a  thousand. 

Now,  if  the  assumption  that  terrestrial  heat  is  owing  to  a 
mixture  of  visible  and  invisible  rays,  in  the  proportion  of  122 
of  the  former  to  878  of  the  latter,  be  well  founded,  it  ought  to 
explain  every  other  phenomenon  collected  in  our  table. 

The  purple-coloured  glass  stops  993  rays  of  light,  which, 
according  to  our  present  hypothesis,  should  stop  121  rays  of 
heat :  it  also  stops  730  invisible  rays,  which  will  give  64,1  rays 
of  intercepted  heat ;  therefore  this  glass  should  stop  762  rays  of 
heat,  out  of  every  thousand  that  come  from  a  candle ;  but,  from 
our  table,  we  find  that  it  stops  no  more  than  520,  so  that  242 
rays  cannot  be  accounted  for.  *  ' 

The  glass  with  an  olive  colour  burnt  into  it,  stops  984  rays 
of  light,  or  120  of  heat,  and  637  invisible  rays,  or  559  of  heat. 
The  sum  is  679  which  that  glass  should  stop ;  but  it  stops  ac- 
tually 792 ;  so  that,  as  in  the  foregoing  instance  we  had  a  defi- 
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ciency  of  24,2  rays,  we  now  have  an  excess  of  1 13 ;  which  plainly 
shews,  that  no  hypothesis  of  any  other  proportion  between  the 
visible  and  invisible  rays  of  heat  can  answer  to  both  cases ;  and 
that  consequently,  not  only  the  present,  but  every  other  assump- 
tion of  this  kind,  must  be  given  up  as  erroneous. 

I  shall  not  enlarge  on  these  arguments,  as  I  take  them  to  be 
sufficiently  clear  to  decide  the  question  we  have  had  under  con- 
sideration. I  also  forbear  going  into  an  examination  of  what  our 
sixth  article,  which  treats  of  scattered  heat,  might  afford,  in  ad- 
dition to  the  former  arguments.  It  may  just  be  remarked,  that 
the  211th  experiment  points  out  a  black  object,  which  scatters 
more  heat  than  a  white  one ;  while  the  case,  as  to  light,  is  well 
known  to  be  the  reverse.  The  219th  experiment  also  shews, 
that  the  scattering  of  heat  of  gold  paper  is  considerably  inferior 
to  that  of  black  velvet ;  whereas  a  contrary  difference,  of  a  very 
great  extent,  is  pointed  out  between  these  two  substances ;  for 
black  velvet  scatters  only  7  rays  of  light,  while  the  scattering 
of  gold  paper  amounts  to  more  than  124000.  I  am  well  aware 
that  this  difference  will  perhaps  admit  of  a  solution  on  other 
principles  than  those  which  relate  merely  to  the  laws  of  scat- 
tering, and  confess  that  many  experiments  are  still  wanting  to 
complete  this  article,  which  cannot  now  be  given ;  but,  as  this 
Paper  is  already  of  an  unusual  length,  I  ought  rather  to  apolo- 
gize for  having  given  so  much,  than  for  not  giving  more. 
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Table  of  the  transmission  of  terrestrial  scattered  Light  through 
various  Substances ;  with  a  short  Account  of  the  Method  by 
which  the  Results  contained  in  this  Table  have  been  obtained. 

The  transmissions  here  delivered  are  called  terrestrial  and 
scattered,  to  distinguish  them  from  others,  which  are  direct  and 
solar ;  and,  in  the  use  I  have  made  of  them  in  the  foregoing 
Paper,  it  has  been  supposed  that  light-making  rays,  whether 
direct  and  solar,  or  scattered  and  terrestrial,  are  transmitted  in 
the  same  manner ;  or  that  the  difference,  if  there  be  any,  may 
not  be  considerable  enough  to  affect  my  arguments  materially. 
In  this  I  have  only  followed  the  example  of  an  eminent  optical 
writer,  who  does  not  so  much  as  hint  at  a  possibility  that  there 
may  be  a  difference.  Before  I  describe  my  apparatus,  I  ought 
to  mention  that  it  is  intirely  founded  on  the  principles  of  the 
author  now  alluded  to,*  and  that  no  other  difficulty  occurs  in 
the  execution  of  his  plan,  than  how  to  guard  properly  against 
the  scatterings  of  the  lamp :  for  the  light  which  this  will  throw 
on  every  object,  must  not  be  permitted  to  come  to  the  vanes ; 
since  these  scatterings  cannot  remain  equal  on  both  vanes,  when 
one  of  them  is  moveable.  In  the  following  construction,  the 
greatest  difficulties  have  been  removed ;  and  a  desirable  consist- 
ency in  the  results  of  the  experiments,  when  often  repeated, 
has  now  been  obtained. 

A  board  about  fourteen  feet  long,  and  six  inches  broad,f  has 
two  slips  of  deal,  an  inch  square,  fastened  upon  the  two  sides : 
these  make  a  groove,  for  two  short  pieces  to  slide  in,  backwards 
and  forwards.   The  two  sliding  pieces  J  carry  each  a  small 

•  See  Traite  d'Optiqtie,  page  16,  Fig.  5  ;  Ouvrage  postbumc  de  M.  Bovouir. 
f  See  Plate  XXVI.  Fig.  I.  t  See  Fig.  2  and  3. 
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board  or  vane ;  one  towards  the  right,  the  other  towards  the 
left ;  but  so  as  to  meet  in  the  middle,  and  apparently  to  make 
but  one  when  placed  side  by  side.  The  vanes  are  covered  with 
a  piece  of  fair  white  paper,  which  is  to  reflect,  or  rather  to  scatter 
light  in  every  direction.  To  one  end  of  the  board  is  fixed  a  circular 
piece  of  wood,  with  an  opening  in  it,  which  is  afterwards  to  be 
shut  up  by  a  small  moveable  piece,*  intended  for  placing  the 
transmitting  objects  upon.  This  moveable  piece  contains  two 
holes,  at  the  distance  of  \\  inch  from  centre  to  centre,  and 
J  inch  in  diameter  each.  Against  the  circular  wooden  screen, 
and  close  over  the  opening  in  it,  is  placed  a  lantern  containing 
a  lamp.+  Its  construction  is  such  as  to  admit  a  current  of  air 
to  feed  the  flame  from  below,  by  means  of  a  false  bottom,  and 
to  let  it  out  by  a  covered  roof;  and  the  whole  of  the  light,  by 
the  usual  contrivance  of  dark  lanterns,  is  thus  kept  within,  so 
as  to  leave  the  room  in  perfect  darkness.  In  the  front,  that  is 
towards  the  vanes,  the  lantern  has  a  sliding  door  of  tin-plate, 
in  which  there  is  a  parallelogram mic  hole,  covered  with  a  spout 
five  inches  long,  of  the  same  shape.  Two  or  three  such  doors, 
with  different  spouts  and  openings,  will  be  required  to  be  put 
in,  according  to  the  experiments  to  be  made;  but  the  first  will 
do  for  most  of  them. 

A  narrow  arm  is  fastened  to  the  long  board,  which  advances 
about  three' feet  beyond  the  screen,  and  carries  a  circular  piece 
of  pasteboard,  that  has  an  adjustable  hole  in  the  centre,  through 
which  the  observer  is  to  look  when  the  experiments  are  to  be 
made.  At  the  farther  end  of  the  long  board  is  a  pulley,  over 
which  a  string,  fastened  to  the  back  of  the  slider  that  carries 
one  of  the  vanes,  is  made  to  pass.  This  string  returns  under  the 

•  See  Plate  XXVI.  Fig.  4.  f  See  Fig.  5. 
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bottom  of  the  long  board,  towards  the  other  end,  where,  close  to 
the  observer,  another  pulley  is  fixed ;  and,  after  going  also  over 
this  pulley,  it  returns  at  the  top  of  the  board,  to  the  front  of  the 
same  vane,  to  which  the  other  end  of  it  is  fastened  at  the  back. 
By  pulling  the  string  either  way,  the  observer  may  bring  forward 
the  moveable  vane,  or  draw  it  back,  at  pleasure. 

At  the  side  of  the  long  board  is  a  scale  of  tens  of  inches,  num- 
bered from  the  place  of  the  flame  of  the  lamp,  o,  10,  20, 30,40, 
and  so  on  to  160.  A  pair  of  compasses  being  applied  from  the 
last  ten  towards  the  vane,  ascertains  its  distance  from  the  flame, 
to  as  great  an  accuracy  as  may  be  required. 

When  the  transmitting  power  of  a  glass  is  to  be  tried,  it  must 
be  placed  over  one  of  the  holes  of  the  small  moveable  piece, 
which  then  is  fastened  with  a  button,  upon  the  opening  left  for 
it  in  the  circular  wooden  screen.  Then,  looking  through  the 
hole  of  the  pasteboard  at  the  two  vanes,  and  bringing  that  which 
is  seen  through  the  glass  near  enough  to  give  an  image  equally 
bright  with  that  which  is  seen  through  the  open  hole,  the  obser- 
vation will  be  completed.  Having  measured  the  odd  inches  by 
a  pair  of  compasses,  or  immediately  by  a  scale,  we  deduce,  as 
usual,  the  transmitting  power,  by  taking  double  the  logarithm  of 
the  distance  of  the  farthest  vane  from  the  lamp,  from  double 
the  logarithm  of  the  distance  of  the  nearest  vane.  The  remain- 
ing logarithm  is  that  of  the  transmitting  power,  as  compared  to 
the  light  coming  directly  to  the  eye  from  the  other  vane. 

I  have  now  only  to  remark,  that  the  use  of  this  instrument 
requires  some  practice,  especially  when  coloured  glasses  are  to 
be  examined ;  it  will,  however,  be  found,  that  the  difference  of 
the  colour  of  the  two  objects,  when  their  light  is  brought  to  an 
equality,  may  be  overcome  by  a  little  abstraction,  which  is 
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required  for  the  purpose ;  for,  by  attending  only  to  brightness, 
it  has  often  happened  to  me,  that  both  objects  appeared  at  last 
of  the  same  colour ;  which  proved  to  be  some  mean  between 
the  two  appearances  considered  separately. 

Some  glasses  stop  so  much  light,  that  it  will  be  advisable  to 
take  them  by  the  assistance  of  an  intermediate  one.  Thus,  in- 
stead of  comparing  the  open  vane  directly  to  a  red  glass,  I 
settle  first  the  ratio  of  the  violet  one  to  that  vane ;  then,  taking 
the  ratio  of  the  red  to  the  violet,  and  compounding  these  two 
ratios,  the  result  will  be  more  accurate.  The  reason  for  this 
will  be  easily  comprehended,  when  the  construction  of  the  appa- 
ratus is  considered.  For  a  red  glass,  immediately  compared  to 
the  open  vane,  would  require  its  object  to  be  brought  extremely 
near  the  lamp,  while  the  other  must  remain  at  a  very  great 
distance.  This  would  occasion  a  considerable  difference  in  the 
angles,  both  of  incidence  and  of  reflection,  between  the  rays 
falling  on  one  vane,  and  on  the  other.  But,  by  dividing  the 
observation  into  two  operations,  we  avoid  the  errors  that  might 
be  occasioned  by  the  former  arrangement. 

In  the  following  table,  the  first  column  contains  the  names  of 
the  different  substances  through  which  light  has  been  trans- 
mitted. The  second  column  shews  the  transmission  of  light, 
expressed  in  decimal  fractions ;  or  the  proportion  which  it  bears 
to  the  whole  incident  light  considered  as  unity.  An  arithme- 
tical complement  to  this  fraction,  or  what  it  wants  to  unity, 
will  therefore  give  us  the  proportion  of  light  which  is  stopped 
by  each  of  the  substances  contained  in  the  first  column ;  and 
that  quantity  multiplied  by  1000  is  placed  in  the  third  column. 
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Table  VII. 


Substances  without  colour. 

Transmission. 

Stoppage. 

Bluish-white  glass 

— 

,9H 

86 

Flint  glass 

,966 

34 

Crown  glass 

>797 

If! 

203 

Coach  glass 

168 

Iceland  crystal 

,850 

150 

Talc 

,9 10 

90 

Easily  calcinable  talc 

.  ,712 

288 

Glasses  of  the  prismatic  colours. 

• 

Very  dark  red  dass 

_ 

,0001335  - 

Dark-red  glass 

-    ,000188  - 

999»8 

Orange  glass 

,221 

779 

Yellow  glass 

- 

,681 

3*9 

Pale-green  glass 

-  ,465 

535 

Dark-green  glass 

,051 1 

949 

Bluish-green  glass 

-  ,231 

7&9 

Pale-blue  glass 

,3*6 

684 

Dark-blue  glass 

>*99 

801 

Indigo  glass 

,000281  - 

-  999>7 

Pale-indigo  glass 

* 

,0218 

978 

Purple  glass 

,00675 

Violet  glass 

,0452 

955 

Liquids. 

Empty  tube  and  two  glasses 

■* 

>796 

204, 

Well-water  and  ditto 

,789 

211 

Sea-water 

,712 

288 
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Liquids.  Transmission. 

Stoppag< 

kJJSUIl  \Jl    WJ1IC  CU1U   IVVU  EiUJOO 

»77u 

224 

VJ1I1                   —                   —                   —  — 

>374 

Brandy  - 

,00381  . 

nnfl 

Scattering  Transmissions. 

Crown  glass,  one  side  rubbed  on  emery 

*  °54 

Coach  glass,  ditto 

,115 

O05 

Crown  glass,  both  sides  rubbed  on  emery  ,0685 

■  000 

93s 

Coach  glass,  ditto 

,0542 

94° 

The  two  first,  together 

,03158  - 

9°9 

The  two  next,  together 

,0208 

f\ tf  f~\ 

979 

The  four  first,  together 

,00456 

995 

Olive  colour,  burnt  in  glass  - 

,016*0 

904 

Calcined  talc  • 

,00345  - 

997 

White  paper  - 

,00556  - 

994 

Linen  - 

,0483 

952 

White  Persian         -      '  - 

,0841 

916 

Black  muslin  - 

,263 

737 

Table  of  the  proportional  terrestrial  Light  scattered  by  various 

Substances. 

The  same  apparatus  which  has  been  used  to  gain  the  results 
of  the  preceding  table,  has  also  been  employed  for  the  follow- 
ing one,  with  no  other  difference  than  that  while  the  vane  with 
the  white  paper  remained  on  one  side,  the  other  vane  was  suc- 
cessively covered  by  the  objects  whose  power  of  scattering  light 
was  to  be  ascertained,  and  both  vanes  were  viewed  directly 
through  the  two  open  holes  in  the  screen ;  the  eye  being  sta- 
tioned in  the  same  place  as  before. 
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It  will  be  found,  that  this  table  contains  the  scattering  of 
more  objects  than  have  been  referred  to  in  the  preceding  paper ; 
but,  as  I  made  these  experiments  in  a  certain  order,  I  thought 
it  would  be  acceptable  to  give  the  table  at  full  length. 

The  first  column  gives  the  names  of  the  objects ;  and  the 
second  contains  the  number  of  rays  of  light  scattered  by  them, 
when  compared  to  a  standard  of  white  paper,  which  is  sup- 
posed to  scatter  one  thousand. 

Table  VIII 

White  paper  scatters          -  -          1000  rays  of  light. 

Message  card       -  1000 

White  linen       -  1008 

White  cotton          -    -  -  1054 

White  chamois  leather,  smooth  side      -  1228 

White  worsted        -          -  -  620 

White  Persian,  suspended       -  -  671 

White  Persian,  on  whitish-brown  paper    -  719 

White  Persian,  on  white  Persian  -        818  - 

White  muslin         -  827 

Red  paper      »  158 

Deep  pink-coloured  paper      -  -  513 

Pale  pink-coloured-paper       -  -  621 

Orange  paper       -          -  -          -  619 

Yellow  paper         -          -  -  824 

Pale-green  paper          -  549 

Dark- green  paper      -  308     -  * 

Pale-blue  paper       -  665 

Dark-blue  paper        -          -  -         1 49 

Indigo  paper,  with  a  strong  gloss  -        144  - 
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Dark-violet  paper  scatters 

A  ft 

75  rays  of  light. 

Brown  paper 

101       -  - 

Black  paper,  with  a  strong  gloss 

420 

Black  satin 

102 

Black  muslin,  suspended 

64 

Black  muslin,  upon  black  muslin 

* 

18  - 

Black  worsted 

16  - 

Black  velvet 

7  - 

Tin-foil           -  t 

-      8483     -  - 

Iron            -          -  - 

10014 

Copper  • 

13128 

Brass  - 

-     43858     -  - 

Gold-leaf  paper 

124371  - 

I  cannot  help  remarking,  that  in  making  these  last  experi- 
ments, I  found  that  black  paper  could  not  be  distinguished  from 
white;  and  that,  on  bringing  it  a  little  nearer  to  the  light  than 
it  should  be  to  make  them  perfectly  equal,  any  of  my  friends 
who  happened  to  be  present,  would  mistake  the  black  for  the 
white. 

EXPLANATION  OF  THE  PLATES. 

Plate  XX,  represents  the  spectrum  of  heat  A,  S,  Q,  A;  and 
of  light  G,  R,  Q,  G.  If  a  prism  be  placed  in  a  window,  so  as 
to  throw  the  colours  of  light  upon  a  table,  and  Plate  XX  be 
laid  under  the  colours,  so  that  they  may  respectively  fall  upon 
the  places  where  their  names  are  inserted,  then  may  these  co- 
lours be  made  to  fit  into  their  proper  spaces,  by  lowering  or 
raising  the  prism,  at  pleasure.  When  the  colours  occupy  their 
proper  situations,  the  line  A  Q  will  express  the  space  over 
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which  the  prism,  by  their  different  refrangibility,  scatters  the 
rays  of  heat ;  and  the  ordinates  to  A  Q  will  nearly  express  the 
proportional  elevations,  which  a  set  of  equi-changeable  thermo- 
meters would  experience,  when  placed  in  the  different  situa- 
tions of  these  ordinates. 

Plate  XXI.  Fig.  1.  A,  B,  is  the  box  which  holds  the  two 
thermometers,  No.  1  and  No.  5.  C  is  the  board  which  contains 
the  transmitting  holes,  the  slip  of  wood  for  supporting  the 
glasses,  and  the  perpendicular  pin  for  adjusting  the  angle. 
D,  E,  are  the  boards  joined  together  by  hinges.  F  is  a  slip  of 
mahogany  screwed  to  E.  G  is  the  spring  to  confine  the 
slip  F;  which  will  keep  the  board  D  up  to  any  angle  less 
tlian  go  degrees. 

Fig.  2,  is  the  cover  for  shutting  the  transmitting  holes. 

Plate  XXII.  Fig.  1,  is  the  screen,  which  may  be  elevated, 
by  the  usual  contrivance  of  springs  at  the  back,  to  any  required 
height,  so  as  to  permit  the  rays  of  the  sun  to  pass  through  the 
opening  in  the  middle,  and  to  fall  upon  the  transmitting  holes 
of  the  box  A,  B,  in  Plate  XXI. 

Fig.  a,  is  a  second  upper  part  of  the  box  A,  B,  in  Plate  XXI. 
The  first  upper  part  being  screwed  off,  this  is  to  be  put  on  in- 
stead of  it,  when  experiments  with  liquids  are  to  be  made.  It 
contains,  as  before,  the  two  transmitting  holes,  the  slip  of  wood, 
and  the  pin ;  and  it  has  moreover  a  small  bracket  fastened  un- 
der one  of  the  holes,  on  which  the  tube  containing  the  liquid  to 
be  tried  may  be  laid. 

Fig.  3,  is  a  third  upper  part  to  the  box  A,  B,  of  Plate  XXI.  It 
contains  two  small  holes,  for  transmitting  prismatic  rays  to  the 
two  thermometers  A  and  B,  which  must  now  be  put  into  the 
box,  instead  of  No.  1  and  No.  5.  The  parallel  lines  a ,  b,  inclos- 


Digitized  by 


on  the  terrestrial  Rays  that  occasion  Heat.  537 

ing  the  holes,  will  direct  any  coloured  rays  to  the  thermometers ; 
and,  by  drawing  the  red  rays  down  to  the  lower  parallels  c  or  d, 
invisible  rays  may  be  brought  to  enter  the  transmitting  holes. 

Fig.  4,  is  a  fourth  upper  part  to  the  box  A,  B,  Plate  XXI.  It 
contains  two  large  holes,  for  admitting  the  rays  of  the  sun  to  fall 
upon  the  objects  on  Fig.  5. 

F'g-  5»  represents  two  tablets,  a,b,  united ;  they  may  be  covered 
with  any  objects  that  are  to  be  examined ;  for  instance,  a  with 
white  paper,  and  6  with  black  velvet.  These  tablets,  by  a  pro- 
per contrivance,  are  brought  under  the  holes  of  figure  4,  where 
a  button  fastens  them  at  the  required  distance. 

Plate  XXIII.  Fig.  1.  A,  B,  is  the  box  which  holds  the  thermo- 
meters. C,  D,  are  the  screens,  with  the  transmitting  holes  in  them, 
opposite  the  flame  of  E,  the  candle.  F,  is  a  small  weight,  stretch- 
ing a  string  across  the  glass,  or  other  object,  placed  upright 
against  the  transmitting  hole  of  the  screen  D.  It  may  be  carried 
round  the  screen  C,  if  required,  and  hold  a  glass  against  the 
hole  in  it. 

Fig.  a,  is  the  double  cover :  in  putting  it  on,  it  must  be  passed 
over  the  candle  downwards,  against  the  two  transmitting  holes. 

Plate  XXIV,  represents  a  large  screen,  with  the  shelf  A,  B, 
carrying  four  thermometers,  No.  1  and  No.  5  opposite  the 
transmitting  holes,  and  the  other  two  as  represented.  When 
the  fire  is  properly  prepared,  lift  the  screen,  by  taking  hold  a 
little  above  A  and  B,  and  set  it  close  to  the  fire,  so  that  C,  D, 
may  touch  the  bottom  of  the  grate ;  then  take  hold  of  the  ring 
E,  and  pull  the  string  far  enough  out  to  hang  that  ring  on  the 
hook  F :  this  will  open  the  transmission  holes,  when  the  expe- 
riment is  to  begin. 

Plate  XXV.  Fig.  1,  is  the  box  containing  the  thermometers. 
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The  bricks  are  piled  up,  as  represented  in  Fig.  3.  The  stove, 
Fig.  2,  being  prepared,  bring  the  stand,  and  brick-work,  Fig.  3, 
close  to  it ;  and  set  also  the  two  spare  bricks,  which  lie  on  the 
stand,  upon  the  front  of  the  stove,  that  no  heat  may  pass  from 
the  top  of  it  to  the  brick  inclosure ;  then  put  the  box,  Fig.  1, 
into  the  brick-work,  close  up  to  the  stove,  and  begin  the  expe- 
riment.  The  ash-hole  should  also  be  covered  with  a  brick. 

Plate  XXVI.  Fig.  1,  represents  the  Photometer.  The  hole 
at  A,  is  for  the  observer  to  look  through,  that  he  may  have  a 
fixed  station.  The  vanes  F  and  G  are  moveable.  By  pulling 
the  string  at  H,  G  will  be  brought  nearer  the  lamp  placed  at 
K ;  and,  by  drawing  the  same  string  at  I,  it  will  be  removed 
towards  the  vane  F;  which  latter  may  be  fixed  at  any  distance 
most  convenient  for  the  experiment. 

Fig.  2  and  3,  shew  the  mechanism  of  the  adjustable  vane  2, 
and  moveable  one  3.  There  are,  however,  hooks  on  fig.  2,  which 
will  occasionally  receive  the  strings  from  the  hooks  on  fig.  3, 
when  a  motion  of  the  left  vane,  instead  of  the  right,  is  required. 

Fig.  4,  contains  two  limiting  holes  B,  C ;  over  one  of  which, 
C,  a  glass  may  be  laid.  This  piece  is  to  be  buttoned  on  the  rab- 
bet of  the  screen,  at  D  E,  fig.  1.  When  liquids  are  to  be  tried, 
the  second  piece  of  fig.  4,  which  contains  a  bracket  for  support- 
ing the  transmitting  tube,  is  to  be  fastened  on  D  E,  fig.  1,  instead 
of  the  former  plate. 

Fig.  5,  gives  a  view  of  the  lamp  and  its  sliding  door,  with  the 
spout  L,  which,  when  the  lamp  is  placed  at  K,  fig.  1,  conveys 
the  light  to  the  vanes  F  and  G,  without  permitting  it  to  be 
scattered  on  the  long  board. 
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XX.  An  Account  of  the  Trigonometrical  Survey,  carried  on  in  the 
Tears  1797,  1798,  and  1799,  by  Order  of  Marquis  Cornwallis, 
Master-General  of  the  Ordnance.  By  Captain  William  Mudge, 
of  the  Royal  Artillery,  F.R.S.  Communicated  by  bis  Grace 
the  Duke  of  Richmond,  F.  R.  S. 

Read  July  3,  1800. 

INTRODUCTION. 

Having  interspersed  in  the  following  Paper,  with  as  much 
attention  to  brevity  as  the  subject  admits,  every  intelligence 
relating  to  the  Trigonometrical  Survey,  I  think  it  unnecessary 
to  swell  the  bulk  of  the  communication,  by  giving  a  long  pre- 
fatory account  of  its  progress  since  the  year  1796. 

The  contents  of  the  work  now  meeting  the  public  eye,  are 
important  and  numerous :  I  have  divided  it  into  sections.  The 
first  contains  the  calculations  of  the  sides  of  the  principal  and 
secondary  triangles  extended  over  the  country  in  1797,  1798, 
and  1799;  together  with  an  account  of  the  measurement  of  a 
new  base  line  on  Sedgemoor,  and  a  short  historical  narrative  of 
each  year's  operation.  The  second  section  contains  the  computed 
latitudes  and  longitudes  of  those  places,  on  the  western  coast, 
intersected  in  1795  and  1796,  and  also  such  others,  since  de- 
termined, as  lie  conveniently  situated  to  the  newly-observed 
meridians.  This  section  also  contains  the  directions  of  those 
meridians ;  one  on  Black  Down,  in  Dorsetshire;  another  on  But- 
terton  Hill,  in  Devonshire ;  and  another  on  St.  Agnes  Beacon, 
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in  Cornwall.  Among  the  contents  are  likewise  to  be  numbered 
the  bearings,  distances,  &c.  of  the  stations  and  intersected  objects, 
from  the  parallels  and  meridians. 

The  third  and  last  section  contains  the  triangles  which  have 
been  carried  over  Essex,  the  western  part  of  Kent,  and  portions 
of  the  counties  joining  the  former,  Suffolk  and  Hertfordshire. 
It  is  with  satisfaction  I  am  enabled  to  state,  that  Mr.  Gardner, 
the  chief  Draftsman,  with  his  assistants,  has  almost  completed 
the  Survey  of  this  extensive  tract,  which,  no  doubt,  like  the  map 
of  Kent,  will  be  given  to  the  public :  the  materials  for  these 
different  surveys  are  ample,  and  will  be  found  in  this  section, 
which  concludes  with  the  altitudes  of  the  stations  and  mean 
refractions. 

Before  I  had  advanced  far  in  my  work,  I  entertained  ideas  of 
condensing  all  the  data  in  my  possession,  and  distributing  them 
in  it ;  but,  when  I  found  my  paper  would,  in  that  case,  be  too 
large  for  the  Philosophical  Transactions,  I  desisted,  contenting 
myself  with  presenting  little  more  than  a  moiety:  it  is,  even  now, 
of  inconvenient  magnitude,  but  I  could  not,  with  propriety,  still 
farther  abridge  it,  for  I  have,  in  several  instances,  rejected  im- 
portant matter.  I  shall,  therefore,  take  an  early  opportunity  of 
compiling  a  fourth  account,  in  which  will  be  given  the  latitudes 
and  longitudes  of  those  places,  in  Essex,  Kent,  &c.  found  in  the 
last  section. 

It  is  right  I  should  observe  that,  knowing  from  experience, 
how  liable  surveyors  are  to  mistake  the  names  of  places,  and 
also,  how  utterly  impracticable  it  is  to  detect  errors,  till  the 
interiors  of  the  great  triangles  have  been  filled  up,  I  have  been 
cautious  to  give  only  the  distances  of  such  objects  as  could  not 
be  easily  mistaken.  I  do  not  mean  to  insinuate  that,  among 
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the  great  number  now  published,  instances  may  not  be  found 
of  misnomers,  or  even  wrong  bearings ;  but  I  rely  with  great 
confidence  on  their  general  accuracy,  and  particularly  on  those 
constituting  the  surveys  of  Essex  and  the  northern  shore  of  the 
Thames,as  the  whole  of  them  have  beenverifiedby  Mr.  Gardner. 
Indeed  this  is  to  be  understood  as  holding  good  throughout  the 
last  section,  in  which  are  375  triangles.  In  our  former  accounts 
of  this  survey,  we  were  particularly  guarded  in  not  intermixing 
their  contents  with  distances  determined  from  numerous  doubtful 
intersections ;  and  experience  has  hitherto  not  detected  above 
three  or  four  errors  arising  from  wrong  bearings  or  misnomers. 
Previously,  indeed,  to  the  compilation  of  them,  a  great  part  of 
the  objects  in  Sussex,  Hampshire,  and  the  Isle  of  Wight,  were 
verified  by  Mr.  Gardner,  in  process  of  an  extensive  survey,  car- 
ried on  by  the  order,  and  performed  for  the  service,  of  the  Board 
of  Ordnance.    This  gentleman  will  also  have  it  in  his  power  to 
detect  any  errors,  if  such  exist,  in  the  names  of  places  to  the 
westward;  as  the  Master  General  has  been  pleased  to  issue  his 
directions  for  the  survey  of  Devonshire,  and  as  much  of  Somer- 
setshire and  Cornwall  as  will  square  the  work. 

I  have  mentioned,  in  the  body  of  the  account,  that  the  Presi- 
dent and  Council  of  the  Royal  Society,  were  pleased  to  accede 
to  the  request  made  by  the  Honorable  Board  of  Ordnance,  to  en- 
trust to  my  care,  the  circular  instrument  used  by  the  late  Major 
General  Roy,  in  his  well  known  operation.  It  has  already  been 
found  highly  useful,  and  will  shortly  prove  to  be  still  more  so, 
as  one  theodolite  will  be  employed  in  carrying  the  above  orders 
of  Marquis  Cornwallis  into  effect,  while  the  other  is  used 
in  carrying  a  meridional  line  through  the  country ;  an  under- 
taking begun,  and  partly  executed. 
mdccc  4  A 
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Before  I  close  this  Introduction,  I  am  to  announce,  that  Mr. 
Isaac  Dalby,  no  longer  able  to  endure  the  fatigues  incident  to 
the  service,  has  retired  from  it ;  and  it  would  be  a  matter  of 
injustice,  if  I  were  not  to  acknowledge  the  extent  of  his  services, 
his  unremitted  labour,  and  attention.  But,  whilst  I  lament  the 
loss  of  a  man  so  perfectly  calculated  to  assist  me  in  this  arduous 
undertaking,  I  derive  every  consolation  from  a  knowledge,  found- 
ed on  experience,  of  the  talents  and  abilities  of  Mr.  Simon  Wool- 
cot,  his  successor. 


SECTION  FIRST. 

i.  Particulars  relating  to  tbe  Operations  of  tbe  Tear  1797. 

The  principal  object  proposed  to  be  accomplished  this  year, 
was  the  determination  of  the  directions  of  meridians  at  proper 
stations,  in  order  to  afford  the  necessary  data  for  computing  the 
latitudes  and  longitudes  of  places  intersected  in  the  surveys  of 
1795  and  1796. 

From  errors  which  are  the  result  of  computations  made  on 
the  supposition  of  the  earth's  surface  being  a  plane,  it  is  expe- 
dient that  new  directions  of  meridians  should  be  observed,  when 
the  operations  are  extended,  in  eastern  or  western  directions,  over 
spaces  of  sixty  miles  from  fixed  meridians.  The  distance  from 
Dover  to  the  Land's  End  being  upwards  of  300  miles,  it  becomes 
necessary,  on  this  principle,  that  four  directions  of  meridians 
should  be  observed ;  which,  with  that  of  Greenwich,  amounts  to 
five,  dividing  this  space  into  six  nearly  equal  parts. 

Whatever  be  the  stations  farther  to  the  westward,  which  offer 
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themselves  as  fit  places  for  these  observations,  Dunnose  in  the 
Isle  of  Wight  presents  itself  as  highly  eligible,  not  only  because 
it  is  removed  the  necessary  distance  from  the  meridian  of 
Greenwich,  but  also  because  it  commands  a  most  extensive 
view  of  the  western  coast :  therefore,  as  the  direction  of  the  me- 
ridian was  observed  on  this  station  in  1793,  (see  Philosophical 
Transactions  for  1795,  p.  517.)  it  became  necessary  to  fix  on 
three  places  only. 

In  the  selection  of  these  stations,  it  was  our  wish  to  have 
found  such  as  should  lie  nearly  in  the  same  parallel,  each  inter- 
mediate one  being  visible  from  those  east  and  west  of  it ;  by  which 
means,  the  differences  of  latitude  between  their  respective  paral- 
lels would  be  accurately  determined. 

When  the  party  was  at  Dunnose,  in  the  year  1793, a  mu<  at  a 
very  considerable  distance,  in  a  direction  very  nearly  west,  was 
seen  just  rising  out  of  the  horizon.  It  then  occurred  to  us  that 
this  spot  would,  at  some  future  period,  be  a  very  proper  one  for 
a  station  whereon  a  new  direction  of  the  meridian  might  be  ob- 
served. Experience,  in  the  Survey  of  1 795,  led  us  to  believe 
this  hill  was  actually  Black  Down  in  Dorsetshire;  therefore  it  was 
determined  that  our  operations  should  commence  at  that  station, 
and  the  event  verified  the  truth  of  our  suppositions. 

The  party  took  the  field  early  in  April,  as  observations  on  the 
Pole  Star,  for  the  purpose  in  question,  are  made  with  superior 
advantage  at  this  season  of  the  year,  because  the  star  comes  to 
its  greatest  elongations  from  the  meridian  at  those  times,  when 
the  sun  produces  little  tremor  in  the  air,  by  which  means,  the 
staff  to  which  the  Pole  Star  is  referred,  in  good  weather,  is  easily 
perceived. 

As  the  high  land  in  the  vicinity  of  Teignmouth,  in  Devonshire, 
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cuts  otf  all  view  of  the  southern  extremity  of  Dartmoor  from 
Black  Down,  the  necessary  alternative  was,  the  firing  of  lights 
on  some  remote  station,  communicating  with  Butterton.  Rippin 
Tor  was  quickly  discovered  to  be  the  most  proper  spot ;  and  that 
eminence  would,  in  every  point  of  view,  be  a  most  eligible  one 
for  a  new  direction  of  the  meridian,  if  the  hills  in  the  middle  of 
the  moor  were  not  considerably  higher.  It  was,  therefore, 
chosen  only  with  a  view  of  being  subservient  to  the  purpose  of 
finding  the  latitude  of  Butterton. 

In  making  observations  on  the  Pole  Star,  the  same  precautions 
were  taken  to  ensure  accuracy,  as  were  observed  at  Dunnose  and 
Beachy  Head  in  the  year  1793;  (see  Phil.  Trans,  for  1795,  p. 
460.)  I  shall,  therefore,  not  enumerate  them,  but  content 
myself  with  observing,  that  no  pains  were  spared  in  this  per- 
formance. 

From  Black  Down,  the  party  removed  to  Butterton  ;  at  which 
place  but  few  observations  were  made,  the  weather  being  either 
tempestuous  or  hazy,  during  the  greatest  part  of  the  time  we 
were  at  that  station  :  they  were,  however,  made  under  favour- 
able circumstances,  in  other  respects,  and  are  therefore  likely 
to  afford  accurate  results. 

As  in  the  case  of  Rippin  Tor,  with  respect  to  Black  Down,  so 
Hensbarrow,  in  Cornwall,  was  selected  as  the  spot  for  connect- 
ing St.  Agnes  Beacon  with  the  station  on  Butterton;  for  these 
latter  are  not  visible  from  each  other,  the  high  land  about  St. 
Austle,  on  the  northern  part  of  which  is  situated  Hens  Or  Hcnglst 
barrow,  being  higher  and  intermediate.  The  staff  to  which  the 
lights  and  star  were  referred,  was  placed  on  a  hill  called  Hem- 
merdon  Ball,  a  secondary  station  in  the  series  of  1 795. 

On  the  1st  of  May,  the  party  proceeded  to  St.  Agnes  Beacon;  at 
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which  place  the  observations  were  completed  on  the  8th.  The 
staff  for  connecting  the  observations  made  on  the  Pole  Star  with 
those  made  on  the  lights  fired  at  Hensbarrow,  was  placed  near 
Peranzabulo;  which  spot  is  laid  down  in  the  plan,  PI.  XXVII. 

After  these  directions  of  meridians  were  determined,  we  pro- 
ceeded with  the  survey,  and  from  St.  Agnes  Beacon  repaired  to 
Trevose  Head,  a  promontory  on  the  northern  coast  of  Cornwall. 
The  ascent  from  the  sea  to  the  station  on  this  headland  being 
very  gradual  and  unobstructed,  we  took  the  opportunity  of  find- 
ing its  altitude  by  means  of  the  transit  instrument.  The  levelling 
was  begun  on  the  30th  of  May,  and  finished  the  following  day ; 
from  which  operation,  it  was  found  that  the  height  of  the  station 
above  low  water-mark  was  274,2  feet;  which  is,  probably,  within 
six  inches  of  the  truth.  This  base  of  altitude,  will  afford  the 
means  of  computing  the  heights  of  the  stations  in  the  north 
>-of  Devon,  and  also  of  verifying  those  in  the  western  part  of 
Cornwall.  (See  Phil.  Trans,  for  1797,  p.  471.) 

In  giving  an  account  of  this  and  similar  articles,  it  is  my 
intention  merely  to  set  forth  the  order  in  which  the  different 
parts  of  the  survey  have  been  performed.  It  would  be  prolix, 
and  perhaps,  unnecessary,  to  assign  the  reasons  for  the  choice 
of  each  station.  In  the  present  instance,  however,  it  may 
not  be  improper  to  observe,  that  a  station  called  Black 
Down,  near  Lydford,  was  selected  for  the  purpose  of  carrying 
distances  into  the  north  of  Devon,  by  means  of  the  side  formed 
by  that  station  and  Carraton  Hill.  The  difficulty  of  running 
up  the  series  of  triangles  from  the  west,  (and  it  might  have  been 
also  added,  towards  the  north,)  is  mentioned  in  the  account  ot 
1797.  A  tract  of  country  exists  in  Cornwall,  possessing  thejsame 
characteristic  features  with  Dartmoor,  and  has  thrown  in  our 
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way  equal  embarrassments.  The  station  called  Carraton  Hill,  is 
situated  on  its  southern  extremity,  from  which  no  part  of  the 
north  of  Cornwall  can  be  seen  :  it,  therefore,  became  expedient 
to  erect  a  staff  on  the  top  of  the  rugged  hill  Brown  Willy,  (a 
spot  not  accessible  to  the  instrument,)  and  afterwards  to  content 
ourselves  with  surveying  round  it.  This  resolution  became  the 
more  necessary,  as  by  means  of  it,  the  triangles  in  the  west  of 
Devon  will  be  hereafter  connected  with  those  in  the  north  of 
Cornwall,  in  a  shorter  and  more  direct  way  than  from  the  sides 
in  the  more  southern  country.  In  order,  therefore,  to  observe 
the  staff  erected  on  this  station,  the  instrument  was  taken  a  se- 
cond time  to  Bodmin  Down.  The  station  named  Cadon  Barrow, 
near  Camelford,  and  those  on  St.  Stephen's  Down,  near  Laun- 
ceston,  were  also  visited ;  at  which  time  it  was  judged  expedient 
to  discontinue  the  operations  in  Devonshire. 

In  proceeding  along  the  southern  coast,  in  the  years  1795  and 
1796,  with  a  single  chain  of  triangles,  we  acted  in  conformity  with 
our  instructions.  It  was,  in  many  points  of  view,  the  most  eli- 
gible modeof  proceeding;  and  particularly  in  that  which  regarded 
an  early  determination  of  the  latitudes  and  longitudes  of  the 
great  head-lands  in  the  channel,  and  also  of  the  Scilly  Isles. 

When  the  operations  above  spoken  of  were  completed,  and 
those  instructions  carried  into  full  execution,  (ample  materials 
being  provided  for  ascertaining  the  situations  of  every  remarkable 
point  on  the  English  side  of  the  channel,)  the  want  of  a  spot 
in  the  southern  part  of  Cornwall,  for  the  measurement  of  a  base, 
was  felt  and  regretted;  we  were,  therefore,  unwilling  to 
introduce  errors,  if  any  should  exist,  from  the  sides  in  Cornwall, 
into  the  north  of  Devon:  our  operations  were  consequently 
discontinued. 
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From  Devonshire  we  proceeded  to  the  eastward,  for  the  pur- 
pose of  carrying  on  a  second  series  of  triangles.  These  were 
necessarily  intended  to  originate  from  the  side  which  connects 
the  station  on  Beacon  Hill,  near  Amesbury,  with  that  on  Win- 
green  Hill,  near  Shaftesbury. 

In  the  month  of  July,  the  observations  were  completed  at 
the  station  on  the  Mendip  Hills,  after  which  the  instrument  was 
taken  to  Bradley  Knoll ;  Dundry  Beacon,  near  Bristol ;  Lans- 
down  and  Farley  Down ;  the  station  on  Lansdown  being  chosen 
rather  for  a  secondary  than  a  principal  place  of  observation. 

From  Bradley  Knoll,  to  which  place  the  instrument  was 
carried  from  Farley  Down,  we  proceeded  to  Westbury  Down, 
and  from  thence  to  Beacon  Hill,  near  Amesbury ;  because  it  was 
necessary  that  a  new  point  on  the  range  near  Marlborough, 
commonly  named  St.  Ann's  Hills,  should  be  observed.  The 
station  formerly  chosen  at  the  eastern  extremity  of  this  range, 
and  observed  in  1794,  (see  Phil.  Trans.  1795,  p.  471.)  was  this 
year  found  to  be  useless,  as  the  high  land,  on  the  same  range, 
prevented  it  from  being  seen  at  Lansdown  :  two  others  were, 
therefore,  selected  to  the  westward  of  the  former,  and  observed 
from  Beacon  Hill ;  one  for  the  purpose  of  connecting  with  Lans- 
down,and  a  station  near  Symmond's  Hall,  in  Gloucestershire;  and 
the  other  with  Inkpin  Beacon.  The  particular  circumstances  of 
this  range,  both  as  to  situation  and  height,  have  thrown  great  im- 
pediments in  the  way  of  the  survey,  and  are  the  means  of  cutting 
off,  in  a  considerable  degree,  the  connection  between  the  southern 
triangles  and  those  which  have  been  since  carried  on  in  the 
midland  of  the  kingdom.  From  Amesbury  the  party  proceeded 
to  Inkpin  Beacon,  near  Hungerford,  where  the  operations 
terminated. 
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The  stations  chosen  and  observed  this  year,  but  not  visited 
with  the  instrument,  were  Monymoor,  near  Pen  how ;  the  moun- 
tain Twymbawlin,  near  Newport ;  and  Stilly  Point,  in  Glamor- 
ganshire. These  stations  in  South  Wales  will  connect  with  three 
in  Somersetshire,  also  selected  this  season  ;  one  on  Bleak  Down, 
which  is  situated  on  the  western  extremity  of  the  Mendip  range  ; 
a  second  on  Brent  Beacon ;  and  a  third  on  the  Quantock  Hills. 

Subsequent  to  the  operations  on  Salisbury  Plain,  enquiries 
had  been  often  made  after  a  spot  on  which  a  third  base  might 
be  measured.  Experience  had  almost  convinced  us  that,  if  Sedge- 
moor  were  excepted,  the  southern  part  of  England  did  not  con- 
tain one  of  sufficient  extent  for  a  base  of  three  miles.  Aware, 
therefore,  of  the  imperfect  state  in  which  our  work  must  rest, 
without  a  fresh  base,  Mr.  Dalby  and  myself  passed  over  into 
South  Wales,  and  examined  the  extensive  level  between  the  new 
Passage  House  and  Cardigan.  After,  however,  a  very  diligent 
search,  we  could  not  find  any  spot,  four  miles  in  length,  suffici- 
ently unobstructed.  The  advantages  which  the  situation  itself 
holds  out,  are  so  great,  that  we  should  not  have  scrupled  to  dis- 
pense with  a  desideratum,  heretofore  required,  of  the  base  being 
one  continued  line.  So  much,  however,  is  this  flat  cut  up  with 
rbynes  and  ditches,  that  we  were  not  able  to  find  any  point 
from  which  two  right  lines  might  be  measured,  and  so  inclined 
to  each  other  as  to  afford,  by  means  of  an  including  angle,  a  third 
side  of  five  miles  in  length  :  necessity,  therefore,  compelled  us 
to  think  of  measuring  a  base  on  Sedgemoor,  which  we  immedi- 
ately examined.  That  which  relates  to  this  situation,  will  be  found 
in  an  ensuing  article  :  it  is  now  only  necessary  to  observe,  that 
we  concluded  the  operations  of  1797,  after  the  practicability  of 
measuring  a  base  upon  it  had  been  decided  in  the  affirmative. 
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art.  11.  Angles  taken  in  the  Tear  1797. 
At  Black  Down. 

Mean. 
}  35**5 

)52»5 

1 14,  but  13 
/preferred. 


Between 

0    ,  1 

Dunnose  and  Abbotsbury  staff  - 

164  26  33,75 

37 

Rippin  Tor  and  Abbotsbury  staff  - 

3    8  51,75 

52»75 

Pilsden  and  Abbotsbury  staff  - 

45  »6  >5 

13 

Pole  star  and  Abbotsbury  staff,  April  17,  morning 

104  19  26,75 

18,  morning 

104  19  19,25 

19,  morning 

104  19  33 

19,  afternoon  • 

98  42  47 

20,  morning 

104  19  25,25 

20,  afternoon 

98  4*  35*5 

At  Butterton. 

Hemmerdon  Ball  and  Rippin  Tor       -  -         -       121  17    7,25  "I 

8,5  /  7,75 

Hemmerdon  Ball  and  Hensbarrow  -  -  .       1  52    1,75  \ 

6.25  j  +-s 

Pole  star  and  staff  on  Hemmerdon  Ball,  May  6,  afternoon    •  912913.7s 

7,  morning  -  97  4  14 
7,  afternoon    -    91  29  is 

On  St,  Agnes  Beacon. 

Hensbarrow  and  Trevose  Head  -  -  -        47  10  0,75 

Hensbarrow  and  Pcranzabulo  staff  -  31  50  55,5  "1 56,  but 

56,25  J  5S»5  P"f. 

Pole  star  and  Peranzahulo  staff.  May  20,  afternoon  -      44   o  45,75 

21,  afternoon  -         44  044,75 
aa,  morning  -       38  26  1,5 

22,  afternoon  -         44   o  33,25 

23,  morning  •        38  26  9 


At  Trevose  Head. 

St.  Agnes  Beacon  and  Hensbarrow  65 
MDCCC.  4  B 


43  43.75 1 
47  \W 
SO  J 
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Between 

Hcnsbarrow  and  Bodmin  Down 


At  Bodmin  Down 

Hcnsbarrow  and  Trevose  Head 


Trevose  Head  and  Cadon  Barrow 


On  Cadon  Barrow. 

Trevose  Head  and  direction  post  on  Bodmin  Down 

■ 

Direction  post  on  Bodmin  Down  and  staff  on  Brown  Willy 

Direction  post  on  Bodmin  Down  and  picket  on  Brown  Willy 
Tresparrot  Down  and  staff  on  Brown  Willy 

Tresparrot  Down  and  picket  on  Brown  Willy 

At  St.  Stephen's  Down. 

Staff  on  Brown  Willy  and  Warbstow 


o    ,     a  Mean 

34  ■ 7  45     1 • 
46  /45'S 


Bodmin  Down  and  Cadon  Barrow  .  .  .         42  33  43      1  rejec- 

46,5  /ted. 

51,75  )s* 
52,75  J5 


At  Hensbatrow. 

St.  Agnes  Beacon  and  Trevose  Head  -  -67  613,25 

Bodmin  Down  and  Trevose  Head  - 


•3»25  J  3  5 
77  20  17,75  il8  c 


68  21  57,25  )c8  ac 
59-5  J5  5 

7i  55  26,75  )27 
27  /" 

Carraton  Hill  and  staff  on  Brown  Willy  -  .  52    $  J9> 


3  59.5  1 

4  i»*5  M,75 
4.5  J 


Carraton  Hill  and  picket  on  Brown  Willy         .  .         513611  1 

Cadon  Barrow  and  staff  on  Brown  Willy       .       .  .       30  58  i"  { 

Cadon  Barrow  and  picket  on  Brown  Willy        -  .  3126 


26   0,25  "J 

»»25  f  i,75 
3.25  J 


4i  18  24.25 


24,25  lar 
25,5   J  25 
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Warbstow  Beacon  and  Brendon  Moor 

* 

Brendon  Moor  and  Broadbury  Down 
Broadbury  Down  and  Black  Down 

r  -      -  * 
1 

Black  Down  and  Carraton  Hill 

Carraton  Hill  and  Kit  Hill 
B&ck  Down  and  Kit  Hill 

• 

Carraton  Hill  and  Black  Down 


At  Maker. 


At  Carraton  Hill. 


Black  Down  and  Maker  Heights 
Trevose  Head  and  Bodmin  Down 


•t 


At  Black  Down. 

Maker  Heights  and  Carraton  Hill 
Carraton  Hill  and  St.  Stephen's  Down 
St.  Stephen's  Down  and  Broadbury  Down 

■  t  0  m 

Carraton  Hill  and  Kit  Hill 

On  the  Mendip  Hills. 

Dundon  Beacon  and  Bleak  Down 
Bleak  Down  and  Brent  Knoll 


Bleak  Down  and  Dundry  Beacon 


4B2 


39  41  18.5  1  • 

18,75  I  18,75 
19 

90   o  40,75  }4| 
45  34  36  d 

37  1  56 
54  «6  i3 


$3   4  28 


28  \ 


74   5  « 


77  20 


'7'7>ll8  ! 


51  50  ,1%  }*7S 

66  +9  & 


13   12  58 


85  *5  59**5 

m  59-75 
16  1,5 

4.5 

*9  »  35.75 


) 


1.25 


39.25 
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and 

Lansdown  and  Farley  Down 
Farley  Down  and  Wcstbury  Down 
Westbury  Down  and  Bradley  Knoll 

Farley  Down  and  Dundry  Beacon 
Farley  Down  and  Bradley  Knoll 

At  Dundry  Beacon. 

Tickcnham  Down  and  Grey  Hill 


Down  and 
and  Grey  Hill 
Down  and  Grey  Hill 


id  station  on  the  Mendip  Hills 
Farley  Down  and  Mendip  Hills 
Mendip  and  Bleak  Down 


At  Lansdown. 


Kingsweston  and  Dundry 


On  Farley  Down. 

St.  Ann's  Hill  and  Westbury  Down 


Westbury  Down  and  Bradley  Knoll 


o  i  »  Mi 
4>    3  S».S 


19  32  16,5 
'7 

38  55  »7 

18,25 

37  47  57 

57.75 
58.75 

48  °.*5 
60  36  15 


■6.7$ 


•7.S 
h8-5 


£75  }'5'S 


76  43  "4  ] 

•8,5    J  19,75 


at 


2a 


120  o 


37  44  1 

19  *3»5  \«  7C 

it  )is 

83%6.75> 
J„ 

54  34  H  \2 
36  38  29 


5'  44  »o,7Sl 

'3.75  J 
37   5  30.75  1 

M  « 

34.»5  J 
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77  »  S'.7$)s;,75 

and  Mendip  Hills  -  .401613  ^ 

rejec- 


ts J 

Mendip  Hills  and  Dundry  Beacon  •  49  31  «5'»S 


21, j  /ted. 
3*5  }*M 


On  Bradley  Knoll. 

Mendip  HilU  and  Westbury  Down  -  101  »3  56.5 


56.S  1 
5J'7S  59 
»>75  J 


Westbury  Down  and  Beacon  Hill         -  -         -         4*  43  a9-*S  liajj 

St.  Ann's  Hill  and  Westbury  Down         -         -  -         7  44 

4S.*S  45 
46.5  J 

Westbury  Down  and  Milk  Hill         -  -  -  10  12  49.5  ~lCI  c 

53>2S  P  '5 

Beacon  Hill  and  Wingreen  -  -  -  57  S°  38-25 

Beacon  Hill  and  Bull  Barrow  -  -  •         98  34  3>  1 

33.5  \ 
34  J 

Wingreen  and  Bull  Barrow       •<    -  -  4°  43  S»»*S  lca 

S2«7S  J 

5S}« 


32»S 


Bull  Barrow  and  Ash  Beacon  -  -  •       45  43  3 


Ash  Beacon  and  Mendip  Hills  -  •  -        7'  34  54«75  lcc 

55.25  J" 

Mendip  HUb  and  Farley  Down  -          -  -  63    01 1,5  p 


At  Bull  Barrozv. 

Ash  Beacon  and  Mintern  "-  -  -  51  20"  4' 


41  1 

4'»75  M 

43  J 


r 

Bradley  Knoll  and  Wingreen  4*  55  32«7S 

if*  PftoVfl  Hi//. 

Mintern  and  Ash  Beacon  -  -  -         35    2  59     I  , 

3  3»25J 


554 
Between 

Pilsden  and  Ash  Beacon 

. 

Ash  Beacon  and  Bull 
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At  Mintern. 


On  Westbury  Down. 

Beacon  Hill  and  Bradley  Knolt 


».  .1 


Bradley  Knoll  and  Mendip  Hills 

Mcndip  Hills  and  Farley  Down 
Farley  Down  and  St.  Ann's  Hill 

St.  Ann's  Hill  and  Beacon  Hill 
Beacon  Hill  and  Milk  Hill 


Beacon  Hill  (Amesbnry.) 


Bradley  Knoll  and  Westbury  Down 
Inkpin  Down  and  Milk  Hill 
Inkpin  Down  and  St.  Ann's  Hill 

Wcitbury  Down  and  Milk  Hill 
Westbury  Down  and  St.  Ann's  Hill 


On  Infyin  Down. 


White  Horse  Hill  and  Highdcrc 
Highclere  and  Beacon  Hill 
Beacon  Hill  and  Hewiih 


o    4    '4  Mean. 

95  35  *'.*5  "L; 


12 18,15 

i8,c 
18,75 
4048  1 

«.7S 
1>7S 
63  4*  5<M 


18,5 


88  50  1 


'.75 

™  }sm5 

u }  - 

48   7  Ji  }33.5 


»3   4  «5 

66  14  58 

7051  fSt 

51  n  9 

46  3+   6  1 

9,25/  "7S 


'33  *7  57.35  V 

S7.S  P7'5 
106  16  52,2c  "I 

S«  S3  3'.*5l 

33-S  >3h*S 
35  J 
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art.  III.  Particulars  relating  to  the  Operations  of  the  Tear  1798. 

The  object  first  attained  this  year,  consisted  in  a  trigonome- 
trical survey  of  the  counties  adjacent  to  the  northern  and 
southern  shores  of  the  Thames. 

In  the  last  communication  it  will  be  seen,  that  the  survey  of 
Kent  had  been  carried  on  from  the  sea-coast,  till  it  reached  the 
range  which  runs  eastward  from  Wrotham  through  Holling- 
bourn,  and  there  terminated.  The  country  to  the  northward 
could  not  be  surveyed,  because  the  view  from  General  Roy's 
station  at  Wrotham  is  almost  entirely  cut  off,  in  that  direction. 
In  order,  therefore,  to  obtain  a  base  for  the  purpose,  when  the 
party  arrived  at  Wrotham,  a  new  station  was  chosen,  to  the 
eastward  of  the  former  one,  and  the  distance  between  them 
accurately  measured ;  by  which  means,  together  with  the  included 
angle  at  the  old  station,  and  the  distance  of  it  from  Severndroog 
Tower,  on  Shooter's  Hill,  a  new  distance  was  found,  which  be- 
came a  base  for  the  survey  proposed. 

The  chief  draftsmen  and  surveyors  belonging  to  the  Drawing- 
room  in  the  Tower,  attended  our  operations  in  this  county,  and 
also  those  afterwards  carried  on  in  Essex.  It  was,  indeed,  for 
their  immediate  service,  that  we  renewed  the  survey  in  this 
quarter,  as  the  Master-General  had  given  directions  to  prepare 
ample  materials  for  completing  the  map  which  meets  the  public 
eye  with  this  article. 

The  stations  in  Kent,  besides  that  of  Wrotham,  were 
Gravesend,  Gad's  Hill,  and  the  Isle  of  Sheppey ;  those  in  Essex 
were  Hadleigh,  South  End,  and  Prittlewell.  Observations  made 
from  these  places  afforded  data  for  the  proposed  survey :  after 
they  were  completed,  the  small  circular  instrument  supplied  the 
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place  of  the  great  one,  and  was  used,  with  good  effect,  in  carry- 
ing on  the  subsequent  operations  in  this  quarter. 

In  our  Paper  published  in  the  Philosophical  Transactions  for 
1795,  an  observation  is  made,  of  the  necessity  then  existing  for 
the  measurement  of  a  base  on  Salisbury  Plain,  in  consequence  of 
resolutions  taken  to  inclose  Sedgemoor :  an  act  for  which  pur- 
pose was  passed  a  few  years  ago,  and  partly  carried  into  execu- 
tion in  1797.  At  this  time,  however,  King's  Sedgemoor  was  only 
set  out  into  parochial  allotments,  as  exhibited  in  Plate  XXVIII. 
accompanying  this  Account.  The  ditches,  represented  by  lines  on 
this  plan,  were  generally  ten  feet  broad,  and  five  feet  deep ;  but  the 
principal  and  secondary  drains  were  much  wider,  the  first  being 
thirty,  and  the  last  twenty-five,  feet  in  breadth.  The  subdivisions 
on  the  Moor,  or  the  individual  allotments  of  it,  were  not  traced 
out  in  the  Somerton  quarter,  at  this  time,  the  task  being  deferred 
till  the  latter  part  of  the  following  year.  The  measurement, 
therefore,  of  this  base,  in  an  early  part  of  the  season,  became 
necessary,  because  fewer  obstacles  were  then  expected  to  present 
themselves. 

As  it  appeared  that  many  instances  would  probably  occur,  in 
which  a  chain  of  50  feet  in  length  would  be  useful,  if  not  abso- 
lutely necessary,  one  was  provided  by  Mr.  Ramsden,  in  the 
winter ;  its  make  and  form  being  precisely  similar  to  those  of 
the  larger  chains,  used  in  the  measurement  of  our  former  bases. 
Such  a  chain  did,  indeed,  prove  highly  serviceable  in  the  subse- 
quent operation ;  as  the  handles  of  the  100-feet  chain  would 
very  often  have  had  their  places  in  ditches,  or  been  so  situated 
on  their  banks,  as  to  leave  imperfect  means  of  correctly  placing 
the  register  heads  under  the  handles. 

The  apparatus  for  the  measurement,  consisting  of  die  tressels 
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belonging  to  the  Royal  Society,  pickets,  iron  heads,  and  a  new 
set  of  coffers,  were  sent  to  Somerton,  after  Mr.  Gardner  had 
been  furnished  with  the  means  of  proceeding  with  the  survey 
hefore  spoken  of. 

The  measurement  was  begun  in  July,  and  finished  in  August ; 
in  the  course  of  which,  very  little  interruption  arose  from  any 
inclemency  of  weather.  It  is  unnecessary  to  enter  minutely  into 
a  description  of  the  difficulties  which  arose  from  the  frequent 
intervention  of  ditches ;  let  it  suffice  to  observe,  that,  possessed 
of  the  50-feet  chain,  these  were  rendered  less  material  tlian  they 
would  otherwise  have  been. 

When  we  arrived  at  that  point  which  ends  with  the  114th 
chain,  an  offset  was  taken,  and  19  chains  measured,  in  a  direc- 
tion  perfectly  parallel  to  that  of  the  base,  at  the  extremity  of 
which  we  returned  into  the  base  itself,  and  continued  the  mea- 
surement. This  interruption  proceeded  from  an  accidental  and 
unforeseen  circumstance ;  a  great  ditch  having  been  excavated 
in  a  direction  coincident  with  that  of  the  base,  while  the  mea- 
surement was  going  on  at  the  upper  end  of  it.  This,  however, 
cannot  be  the  means  of  introducing  any  sensible  inaccuracy; 
for,  to  proceed  in  this  matter  correctly,  when  it  became  neces- 
sary to  take  an  offset,  a  silver  wire  was  let  fall  from  the  register 
head,  having  a  plummet,  under  the  point  of  which  a  small  dot 
was  made,  on  a  stake  driven  firmly  into  the  ground.  The  great 
theodolite  was  then  placed  over  the  stake,  and  the  instrument 
accurately  adjusted  over  the  dot.  A  diaphragm,  whose  aperture 
was  \  an  inch,  was  then  put  over  the  object-glass  of  the  transit 
telescope,  which  was  afterwards  directed  towards  the  staff  at 
Lugshorn  Corner,  and  then  moved  round,  till  it  exactly  made  a 
right  angle  with  the  base.    The  telescope  being  sufficiently 
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depressed,  a  peg  was  driven  into  the  ground,  with  its  centre 
nearly  under  the  cross  wires ;  after  which,  a  pin  was  moved  on 
the  surface  of  the  peg,  as  directed  by  a  person  looking  through 
the  telescope,  till  it  came  to  that  point  at  which  it  bisected  the 
angle  formed  by  the  cross  wires.  The  measurement  was  then 
carried  on,  in  this  new  direction,  a  space  of  19  chains,  at  the  end 
of  which,  the  same  operations  were  repeated,  and  the  old  direc- 
tion pursued.  It  does  not  seem  probable,  that  an  error  amounting 
to  more  than  of  an  inch,  can  have  resulted  from  this  pro- 
cedure. 

King's  Sedgemoor  being  sufficiently  level,  the  base  was 
measured  horizontally;  an  advantageous  circumstance;  but, 
from  the  soft  texture  of  the  soil,  the  pickets  could  not  be  driven 
into  the  ground  so  firmly  as  to  be  without  some  small  degree 
of  motion,  in  case  a  person  stood  close  to  them.  Therefore, 
those  who  attended  the  handles  of  the  chains,  either  used  long 
stools,  or  placed  themselves  so  as  to  divide  the  pressure  arising 
from  the  weights  of  their  bodies  equally  on  each  side  of  the  pickets. 
The  disturbances  to  which  the  register-heads  were  liable,  did 
not  discover  themselves  till  a  mile  of  the  base  had  been  mea- 
sured ;  and,  although  it  became  probable  that  small  errors  only 
had  resulted  from  the  want  of  those  precautions  we  afterwards 
followed,  yet  we  considered  what  we  had  done  as  erroneous, 
and  recommenced  the  measurement,  with  the  advantage  of 
experience.  At  present,  I  shall  content  myself  with,  observing, 
that  due  attention  was  paid  to  all  necessary  minutiae  in  this 
measurement,  and  refer  those  who  are  desirous  of  being  more 
particularly  informed,  to  the  Philosophical  Transactions  for 
1795,  as  the  mode  of  proceeding  on  the  present  occasion  was 
perfectly  similar  to  that  on  Hounslow  Heath. 
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After  the  conclusion  of  this  operation,  we  proceeded  to  select 
such  stations  in  the  neighbourhood  of  the  base,  as  might  afford 
means  of  connecting  it  with  the  triangles  carried  on  in  the  prece- 
ding year.  The  two  chosen  for  this  purpose,  were  Dundon  Beacon, 
and  a  spot  near  the  village  of  Moor  Lynch ;  both  nearer  to  their 
respective  ends  of  the  base  than  we  wished  to  have  found  them ; 
yet,  as  small  rods  of  only  an  inch  in  diameter  were  placed  on 
those  stations,  when  they  were  observed  from  Dundon  Beacon 
and  Moor  Lynch,  and  the  same  erected  at  the  ends  of  the  base, 
when  they  were  observed  from  those  stations,  it  becomes  pro- 
bable that  very  trifling  errors  resulted  from  this  proceeding. 

The  station  at  Ash  Beacon  was  visited  subsequent  to  these 
just  spoken  of,  and  afterwards  that  on  the  Mendip  Hills,  for  the 
purpose  of  taking  the  angle  between  Moor  Lynch  and  Dundon 
Beacon.  The  operations  of  1798  then  terminated  with  a  dili- 
gent search  after  some  spot  in  Cornwall,  for  a  base  of  only  two 
or  three  miles  in  length :  this  search,  however,  was  fruitless,  as 
in  fact  we  had  reason  to  imagine  it  would  prove  to  be ;  but  we 
were  not  willing  to  relinquish  the  hope,  that  a  piece  of  ground 
might  be  discovered  proper  for  so  confined  a  purpose.  The 
contrary,  however,  being  the  case,  the  party  returned  to  London 
in  October. 


art.  iv.    Angles  taken  in  the  Tear  1798. 


At  IVrotbam.    Station  of  1787. 


Between  o     /  « 

New  Station  and  staff  on  Scvcrndroog  Tower  -  9+  »9  3° 


« 


Station  of  1798. 


5&> 


Severndroog  Tower  and 
Severndroog  Tower  and 

Langdon  Hill  and  Hadieigh 
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At  Gravesend. 


Hill 


Halstow  and  Gad's  Hill 
Severndroog  Tower  and  Hadieigh 

Gad's  Hill  and  Halstow 

Halstow  and  Hadieigh 

Langdon  Hill  and  Hadieigh 
Langdon  Hill  and  Rayleigh 

Gad's  Hill  and  Gravesend 

Gravesend  and  Hadieigh 

Hadieigh  and  Sheppey 

Gravesend  and  centre  of  Rayleigh  Tower 
Sheppey  and  Rayleigh  To 


Isle  of  Sheppey. 


At  Halstow. 


At  Hadleigb. 


Sheppey  and  South  End 
Sheppey  and  Halstow 


8l  39  31 
21 

95  S3  56 

S9-*5 
54  >.»S 


Langdon  Hill  and  Gravesend 


- 
)„ 

34  3«  49.5  "I 

57.S  J 
30  24  17  "1 

19.75  M9 

*>,5  J 
3'  38  19.75 

22,25  J 

•>° "  £s  }So.7i 


18  18  1,5 
3 

3.5  J 
31  28  23 

*5 

16  26  30 
27  446 


24  18  21.25  "L,  2C 

"°7  49   5-*S  \  s  2. 
5,25  /  s.*s 

99  »8    4     \  6 

7.5  J 
111  20  14 

95  46  57 


3«  43  29 

49  «3  33.5 
41  46  32 

43  n  5« 
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Between  0    ,    ,  Mean. 

Gravesend  and  Severndroog  Tower            -             -  a6  i6  56,75  1  * 

57.75  J  5 

Langdon  Hill  and  Sheppey            -            -            -  1341155 

At  South  End. 

Sheppey  and  Hadleigh            -             -             -  119  20  5 

At  Langdon  Hill. 

Gravesend  and  Severndroog           -            -            -  53  47  * 5 

Centre  of  Raylcigh  Tower  and  Gravesend  -  las  146 
Station  on  Raylcigh  Tower  and  centre  of  the  same  Tower       -       o    o  27 

Station  on  Rayleigh  Tower  and  Danbury  Spire          -  43  18  2 

Severndroog  Tower  and  Frierning               -             -  95  25  o 

Frierning  Tower  and  Station  on  Rayleigh  Tower            -  884419 

Frierning  and  Danbury  Spire            .            -            -  45  26  17 

Severndroog  Tower  and  Brentwood  Spire             -         -  66  26  39 

At  Triptree  Heath.    1st  Station. 

Tillingham  Tower  and  Station  on  Raylcigh  Tower         -  68  28  58 

Tillingham  and  Danbury  Spire          -             .           -  100  28  21 

Station  on  Rayleigh  Tower  and  Langdon  Hill              »  .21  25  14 

Station  on  Rayleigh  Tower  and  Frierning  Tower            -  47    8  50 

At  Lugsborn  Corner. 

Greylock's  Foss  and  Dundon  Beacon              -            -  107  44  30,-5  1 
Greylock's  Foss  and  Moor  Lynch 


15  5'  S8.S  1 

59  |>9 
59.75  J 


Moor  Lynch  and  Dundon  Beacon         -  -  -         93  5233, 7 5 

At  Greylock's  Foss. 

Moor  Lynch  and  Lugshorn  Corner        -         -  -  114956,25! 

59.75  J  19 

Lugshorn  Corner  and  Dundon  Beacon      -         -  3  29  59,75  \ 

3°   °.5  J  ° 

Dundon  Beacon  and  Moor  Lynch      -  -         -  ioj  40   o     j  Q  „_ 
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Near  Moor  Lyncb  Windmill. 

Mean. 

Between  •    '  * 

Greylock's  Foss  and  Dundon  Beacon         -         -         •        59  S*  "»S 


Greylock's  Foss  and  Lugshorn  Corner  -         -         -    5>  S8    MS  J  3%s 

Lugshorn  Corner  and  Dundon  Beacon      -         -  8   °!°2S  5 

Dundon  Beacon  and  Mendip  Hills  -  ■  5+  *8  5°  jSo 


3.5 


Mendip  Hills  and  A»h  Beacon         -  -  -         S4    3  JJ 

53-75 

Ash  Beacon  and  Pilsden  Hill          -  -         -         -      57  «9  M 

4-5 

Dundon  Beacon  and  Pilsden  Hill         -         -         •  5*  43  3^«5 1 

36-5  >36>75 
37.*S  J 

Pilsden  and  Quantock  Hills  -  -  -  87  >5    •     j  6,c 

Ouantock  Hiils  and  Brent  Knoll  -  -  -      71  38  57.75  "I  . 

^  58.5  [5«.*5 

58.5  J 

Brent  Knoll  and  Bleak  Down  ... 
Bleak  Down  and  Mendip  Hills  - 


Brent  Knoll  and  Mendip  Hills 

On  Dundon  Beacon. 

Lugshorn  Corner  and  Moor  Lynch         ...         78  714'7S"l,,c 

•4.5  J  4'5 

Lugshorn  Corner  and  Greylock's  Foss         -         -         -      63  45  a 8, 5  "I 

29.5  / 


9 


Greylock's  Foss  and  Moor  Lynch  ...  108  'S».2Sjc2)25 

Moor  Lynch  and  Bleak  Down         -         -         -         -      58  4a  i«     \     .  _ 

10,25  J    '  5 

Moor  Lynch  and  Mendip  Hills  -  .  1012254,251 

55     J  54,5 
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At  Asb  Beacon. 


1  • 


Moor  Lynch  and  Mcndip  Hills  -  -  56  29  5° 

$*•*>  rS>>S 


50  U 


5 

Mcndip  Hills  and  Bradley  Knoll  -  .         .      50  845,15! 

4S'7S  J^'5 

Bradley  Knoll  and  Bull  Barrow  -  -  93  38  10,5 

'  "*»5 


«+  J 


Bull  Barrow  and  Pilsden  -  -  -  83  40  33,5  "1 

35.5  ;34,5 

Mintcrn  Hill  and  Pilsden  .... 


49  2'  35.75  ] 

39.75  h8-2s 
39.75  J 


Pilsden  and  Quantock  Hills         -  -  -  59  3+  +0.5  1 

42,25/ 41,5 

Quanlotk  Hills  and  Mcndip  Hills  -         -  7*  57  49. 75 


21 


On  the  Mendip  Hills, 

Bradley  Knoll  and  Ash  Beacon         -  -  -         58  16  20 

21.S 

24.*5 

Ash  Beacon  and  Moor  Lynch         -  -  69  26  46,5 

49  [48.25 
49.*5 

Dundon  Beacon  and  Moor  Lvnch        -  -  23  58  16,5  \ 

»7.7SJ  7 

art.  v.  Particulars  relating  to  the  Operations  of  the  Year  1 799. 

I  have  shewn  in  the  preceding  articles,  that  sufficient  mate- 
rials are  now  in  my  possession,  for  calculating  the  latitudes  and 
longitudes  of  those  places  whose  bearings  and  distances  from 
given  stations  are  found  in  the  Account  of  1797.  I  have  also 
pointed  out  the  direction  which  the  survey  has  subsequently 
taken ;  and  given  a  short  account  of  the  measurement  of  a  new 
base  in  Somersetshire.  The  operations  of  1799  now  remain  to 
be  spoken  of. 
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In  very  early  stages  of  the  work,  I  had  frequent  opportunities 
of  observing,  that  eminent  advantages  would  accrue  to  the  ser- 
vice, were  the  survey  prosecuted  on  a  more  extensive  scale. 
The  consideration  of  a  grand  instrument  being  laid  up  in  the 
apartments  of  the  Royal  Society,  suggested  the  propriety  of  ob- 
taining it ;  therefore,  when  my  appointment  to  my  present  situa- 
tion gave  me  the  means  of  effecting  former  ideas,  I  lost  no  time 
in  applying  to  the  President  and  Council,  for  the  loan  of  their 
large  theodolite,  the  excellence  of  which  had  been  incontestibly 
demonstrated  by  the  late  Major  General  Roy.  The  distinguished 
services  which  the  Royal  Society  have  rendered  this  branch  of 
the  public  service,  leave  it  almost  unnecessary  for  me  to  observe 
how  readily  they  granted  my  request.  The  instrument  was, 
accordingly,  put  into  the  iiands  of  Mr.  Ramsden,  early  in  the 
month  of  January,  for  the  purpose  of  being  examined,  and  also 
of  having  new  microscopes  fixed  to  it;  the  former  ones  being 
much  inferior,  in  construction,  to  those  attached  to  the  instru- 
ment belonging  to  Government. 

To  carry  on  so  extensive  a  survey  as  that  which  is  now  the 
subject  of  this  Paper,  much  consideration  is  necessary.  I  have 
endeavoured  to  give  it  the  best  effect,  both  as  to  design,  and 
celerity  of  execution.  What  degree  of  success  has  attended  my 
endeavours,  the  public,  in  possession  of  this  Paper,  can  readily 
determine.  In  the  present  stage  of  the  survey,  I  have  been 
sufficiently  impressed  with  just  ideas,  as  to  the  importance  of 
the  task,  and  responsibility  of  my  situation.  The  difficulties 
which  start  up,  in  prosecuting  a  survey  of  this  kind,  become  more 
numerous  as  it  becomes  more  extensive.  In  the  earliest  part 
of  it,  when  few  objects  only  were  in  view,  speedy  execution 
followed  the  design ;  but,  circumstances  now  require  every 
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exertion,  as  the  triangles  are  branched  out  into  several  parts  of 
the  kingdom. 

We  re  the  length  of  a  degree  of  the  meridian,  in  these  latitudes, 
accurately  known,  the  most  eligible  method  of  carrying  on  the 
survey  would  be,  that  of  working  between  any  two  determined 
parallels  of  latitude,  till  the  space  between  them  was  completed. 
Yet  this  mode  would  manifestly  be  subject  to  some  slight  inno- 
vations, from  the  necessity  of  measuring  bases  in  certain  stages 
of  the  work  :  it  would  be  right,  however,  to  adopt  the  principle 
for  general  practice.  Under  this  idea,  it  would  have  been  proper 
to  have  commenced  the  operations  of  this  year  in  Somersetshire, 
and  to  have  carried  on  the  triangles  from  the  neighbourhood  of 
the  new  base  into  the  north  of  Devon. 

It  is  mentioned  in  one  of  the  former  Accounts,  that  a  zenith 
sector  was  formerly  bespoken  of  Mr.  Ramsden,  by  his  Grace  the 
Duke  of  Richmond,  for  the  purpose  of  aiding  the  design  of 
measuring  the  length  of  a  degree  of  latitude  in  this  country. 
The  pressure  of  other  business  caused  Mr.  Ramsden  to  lay 
aside  this  instrument,  after  he  had  considerably  advanced  in 
its  construction.  The  real  necessity,  however,  for  our  being  sup- 
plied with  an  instrument  of  this  description  being  made  known 
to  him,  he  resolved  to  take  it  in  hand  again,  and  complete  it. 
Relying  on  the  strength  of  his  assurances  to  this  effect,  I  deter- 
mined to  relinquish  the  intention  of  proceeding  to  the  westward ; 
and  resolved  to  commence  this  year's  operations,  with  running 
up  a  series  of  triangles  along  the  meridian  of  Blenheim.  As  it  is 
probable  my  next  communication  will  contain  the  result  of  this 
interesting  part  of  the  survey,  I  shall  now  confine  myself  to 
such  particulars  as  relate  to  the  subject  under  consideration. 

In  a  former  article,  I  have  observed,  that  the  chief  Draftsman, 
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Mr.  Gardner,  has  been  furnished  with  materials  for  surveying 
the  northern  shore  of  the  Thames,  and  the  north  of  Kent :  these 
proved  ample,  as  the  map,  thence  compiled,  will  sufficiently  de- 
monstrate. As  the  Master-General  issued  directions,  at  this 
time,  to  survey  Essex,  and  parts  of  the  adjoining  counties,  in  the 
same  manner,  and  for  the  same  purpose,  as  Kent  has-been,  I  was 
obliged  to  suspend,  for  a  short  time,  my  intention  of  proceeding 
with  the  measurement  of  a  meridional  degree,  and  to  devise 
the  best  means  for  carrying  his  Lordship's  instructions  into 
execution. 

For  this  purpose,  therefore,  before  any  stations  were  chosen 
in  Essex,  the  county  was  very  minutely  examined ;  when  it  ap- 
peared, that  insuperable  difficulties  would  occur,  if  the  survey 
were  prosecuted  with  the  large  theodolite  only.  The  range 
commencing  at  Havering  Bower,  and  running  to  Gallywide 
Common,  cuts  off  a  regular  communication  between  the  stations 
subsequently  chosen  in  the  southern  and  northern  parts  of 
Essex.  The  difficulty  resulting  from  this  circumstance,  was 
made  still  greater,  from  the  want  of  success  in  our  endeavours 
to  find  one  spot  on  this  range,  proper  for  a  station-  The  eastern 
part  was,  in  some  degree,  found  more  favourable ;  but  it  was  dis- 
covered that,  even  here,  the  small  instrument  must  frequently  be 
used  as  a  substitute  for  the  large  one.  Under  these  disadvan- 
tages, the  survey  commenced  in  March;  the  large  theodolite 
being  taken  to  a  station  on  Hampstead  Heath. 

The  base  chosen  for  carrying  on  the  distances  towards  the 
north,  was  that  constituted  by  Severndroog  Tower  on  Shooter's 
Hill  and  the  new  station  on  Hampstead  Heath  ;  which  distance, 
although  it  has  not,  perhaps,  been  obtained  so  correctly  as  many 
others,  yet  is  determined  with  sufficient  accuracy  for  the  matter 
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in  hand.  When  the  observations  were  made  on  Severndroog 
Tower,  in  the  year  1787,  the  angle  between  Hanger  Hill  Tower 
and  the  cross  on  the  dome  of  St.  Paul's  was  taken :  this  was  now 
made  use  of,  in  order  to  get  the  angle  between  Hanger  Hill 
Tower  and  Hampstead  Heath  ;  because  the  former  station  could 
not  be  discovered,  on  account  of  the  wind  blowing  the  thick  and 
darkened  atmosphere  of  London  between  the  stations,  when  the 
instrument  this  year  was  carried  to  Shooter's  Hill. 

For  the  purpose  of  connecting  the  eastern  and  western  tri- 
angles with  each  other,  a  station  was  chosen  on  Southweald 
Tower,  accessible  only  to  the  small  instrument.  Brentwood 
Spire  was  also  found  to  be  conveniently  situated  for  carrying  on 
the  distances :  this  will  be  readily  perceived  by  the  plan.  Lang- 
don  Hill  was  also  selected ;  which,  with  the  former  station  at 
Gravesend,  were  to  become  the  means  of  connecting  the  tri- 
angles. A  station  on  Epping  Forest  was  judged  necessary ; 
but  no  spot  could  be  found  fit  for  general  purposes,  the  view 
towards  the  north  being  confined.  One  was,  however,  fixed  on, 
called  Highbeech,  from  which  a  high  building  near  Berkham- 
stead  was  found  to  be  visible,  by  means  of  which,  the  distances 
in  the  north  of  Essex  could  be  verified,  as  the  station  on  the 
top  of  it  would  connect  with  Bushy  Heath,  near  Watford,  and  a 
point  on  the  elevated  range  near  Dunstable. 

From  Hampstead,  the  instrument  and  portable  scaffold  were 
carried  to  Langdon  Hill,  and  from  thence  to  Triptree  Heath, 
near  Maiden;  from  whence  the  party  repaired  to  Highbeech, 
leaving  the  remainder  of  the  county  to  be  surveyed  with  the 
small  circular  instrument;  which  seems  to  have  been  done  with 
considerable  accuracy. 

After  the  necessary  observations  were  made  at  Highbeech,  I 
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proceeded  to  Shotover  Hill,  in  Oxfordshire;  and,  before  May 
elapsed,  had  reconnoitred  the  country.  As  the  distance  between 
Inkpin  Hill  and  Highclcrc,  appeared  to  be  shorter  than  was  ne- 
cessary for  a  base  on  which  the  northern  triangles  were  to  rest, 
it  became  certain,  that  their  sides  would  depend  on  the  base  on 
Hoimslow Heath.  The  only  means  by  which  the  scries  now  pro- 
posed to  be  carried  westwards,  (for  the  double  purpose  of  forward- 
ing the  survey,  and  also  of  finding  a  portion  of  the  meridional 
arc,)  could  be  properly  connected  with  the  triangles  in  the  neigh- 
bourhood of  Salisbury  Plain,  was  the  side  just  spoken  of ;  for  the 
high  land  in  the  vicinity  of  Calne,  intercepted  the  view  of  the 
stations  on  the  Marlborough  range,  from  White  Horse  Hill.  In 
order,  however,  to  make  a  connection,  although  imperfect,  an 
intermediate  station  was  chosen  on  this  high  intercepting  land. 

When  the  ground  about  Nettlebed  was  formerly  examined 
by  us,  it  appeared  difficult  to  carry  on  the  triangles  from  Bagshot 
Heath  towards  the  northward;  because  no  spot  could  be  found 
near  the  former,  from  which  the  Chiltern  range  could  be  seen. 
I  now,  therefore,  departed  from  the  usual  practice  of  choosing 
stations  on  the  ground,  and  selected  Pen  Church  Tower ;  by 
means  of  which,  I  found  a  connection  might  be  made  between 
the  triangles  carried  round  the  Chiltern  range,  from  White 
Horse  Hill  and  Nuffield,  with  those  in  Hertfordshire. 

At  Shotover  Hill  the  party  separated,  each  having  its  instru- 
ment. I  shall  close  this  article,  without  entering  minutely  into 
the  reasons  which  operated  with  me  for  the  choice  of  all  the 
stations  selected  this  year.  I  shall  content  myself  with  enumera- 
ting the  names  of  the  stations  visited  and  observed,  and  mentioning 
that  Shotover  Hill  and  Cumner  Hill,  in  Oxfordshire,  were  select- 
ed principally  with  a  view  of  ascertaining  the  situations  of  the 
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observatories  at  Oxford  and  Blenheim.  The  names  of  the  stations 
were,  Nuffield, White  Horse  Hill,  and  Scutchamfly,  in  Berkshire. 
Shotover  Hill,  Cumner  Hill,  Whitehara  Hill,  Crouch  Hill,  and 
Epwell  Hill,  all  in  Oxfordshire.  Those  in  Gloucestershire  were, 
Pen,  Cleave,  Broadway  Beacon,  and  the  Malvern  Hills.  The 
Lecky  Hills,  in  Worcestershire.  Corley  and  Nuneaton,  in  War- 
wickshire. Bardon  Hill,  Naseby  Field  and  Barrow  Hill,  in 
Leicestershire.  Arbury  Hill,  and  Souldrop,in  Northamptonshire. 
Quainton,  Brill,  Wendover,  and  Bow  Brickhill,  in  Buckingham- 
shire. Woburn  Park,  and  Lidlington,  in  Bedfordshire.  Kins- 
worth,  Lillyhoe,  Berkhamstead,  Tharfield,  and  Bushy  Heath, 
in  Hertfordshire.  From  the  last  mentioned  station,  the  party 
returned  to  London,  in  October. 
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art.  7.  Situations  of  tbe  Stations. 

Trevose  Head.  The  station  on  this  point  of  land,  which  is 
about  four  miles  from  Padstow,  in  Cornwall,  is  situated  on  the 
southern  part  of  it,  and  is  about  forty  feet  from  the  declivity. 
The  ground  seems  a  little  higher  than  any  other  part  of  the  Head. 

Cadon  Barrow.  The  station  is  on  the  centre  of  the  Barrow; 
which  is  a  very  remarkable  one,  and  well  known  about  the 
country.  It  is  about  two  miles  from  Tintagel,  being  in  a  field 
lying  south  of  the  road  leading  from  that  town  to  Camelford. 

Brown  Willy.  The  staff  is  erected  on  the  highest  part  of  this 
mountain,  which  is  about  nine  miles  southward  of  Camelford. 

St.  Stephen's  Down.  The  station  is  about  150  feet  from  the 
eastern  part  of  the  building  erected  on  this  Down.  It  lies  south- 
west from  the  corner  of  it,  and  about  twenty  feet  from  the  road. 

Mtndift.  The  station  is  in  a  field  on  the  top  of  the  down,  being 
about  two  miles  north  of  Sbepton  Mallet.  The  field  is  next  to 
the  road  leading  from  that  place  to  Bristol,  and  lies  west  of  it : 
it  is  also  north  of  the  road  which  goes  from  Wells  to  Frome. 
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which  stones  have  been  taken  for  the  purposes  of  building.  1  ne 
station,  however,  may  easily  be  found,  as  it  is  situated  on  a  rising 
which  has  the  appearance  of  having  been  a  barrow. 

Lansdmon.  This  place  is  well  known,  and  near  Bath.  The 
station  is  on  the  highest  part  of  the  broken  ground  called  Crom- 
well's Camp,  which  is  near  Mr.  Granville's  monument. 

Farley  Down.  The  station  on  this  Down  is  5  fee*  north  of 
the  stone  wall,  and  about  150  feet  eastward  of  the  plantation. 

Bradley  Knoll.  This  is  a  remarkable  hill,  very  near  Maiden 
Bradley.  The  highest  part  of  the  hill  is  towards  the  west,  on 
which  there  is  a  small  ring,  exhibiting  an  appearance  of  a  ruined 
plantation.   The  station  is  a  few  feet  to  the  northward  of  this 

• 

.  Wa&mxy  Down.  Tliere  are  no  objects  on  this  Down,  of  any 
kind ;  therefore,  the  station  cannot  be  found  from  measurements 
It  is,  however,  just  above  the  Mk  horse  cut  out  in  the  s.de  of 

^Asb' Beacon  This  eminence  is  about  four  miles  north  of  Sher- 
borne :  on  the  top  of  it  there  is  a  small  plantation,  round  which 
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Lugsborn  Comer,  the  eastern  extremity  of  King's  Sedgemoor. 
There  is  a  small  rivulet,  which  separates  the  moor  from  the  cul- 
tivated ground  on  the  Somerton  side,  and,  close  to  a  particular 
part  of  it,  is  a  passage  called  Somerton  Gate.  About  a  quarter  of 
a  mile  eastward  of  this  entrance,  and  in  the  second  field,  north 
of  the  stream,  is  the  station  called  Lugsborn  Corner,  one  of  the 
ends  of  the  base.  The  spot  is  5  feet  from  the  ditch,  and  19 
from  the  gateway.  There  were  but  three  fields  in  this  part  of 
the  moor,  at  the  time  the  base  was  measured. 

Greylock's  Foss.  This  is  towards  the  western  extremity  of  the 
moor :  a  causeway  leads  from  Middlezoy  to  Greinton,  over  it. 
In  the  second  field  from  the  bridge,  near  the  latter,  is  the  other 
extremity  of  the  base.  The  station  is  about  10  feet  from  the 
ditch,  running  parallel  to  the  Foss,  and  is  in  the  angle  formed 
by  the  ditch  contiguous  to  the  road  and  the  second  ditch  north 
of  the  drain. 

Nuffield.  The  station  is  in  the  field  opposite  to  the  church : 
it  is  in  the  south-west  comer  of  it,  14,  feet  from  the  stile,  and 
10  feet  from  the  hedge. 

Scutcbamfly.  A  very  remarkable  Barrow,  on  the  Berkshire 
downs,  situated  near  Little  Hendred.  The  station  is  on  the 
south-west  part  of  it,  and  can  easily  be  found. 

White  Horse  Hill.  This  is  a  well  known  eminence  in  Berk- 
shire. The  station  is  on  the  eastern  side  of  the  Saxon  work, 
and  on  the  top  of  the  small  parapet  surrounding  the  ditch. 

Sbotover  Hill,  near  Oxford.  The  station  is  150  feet  from  the 
hedge  eastward  of  it,  and  60  feet  from  that  southward  of  it ;  but, 
when  the  traces  of  our  former  o  erations  are  obliterated,  it  will 
be  difficult  to  recover  this  station. 

Stow  on  the  Wold.    The  station  bearing  this  name,  is  in  a 
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£r0*/tf<r>  B^fl.  This  is  a  very  high  and  remarkable  spot, 
near  the  village  of  Broadway,  in  Gloucestershire.  The  station 
is  about  so  feet  south-east  of  the  foundation  of  a  building  pro- 
posed to  be  erected  by  the  Earl  of  Coventry. 

Corley,  a  village  in  Warwickshire.  The  station  is  in  the 
second  field  eastward  of  the  church,  being  180  feet  from  the 
eastern  hedge,  and  *$o  feet  from  the  stile  in  the  corner  of  it. 

Epivell,  a  village  in  Oxfordshire.  The  station  is  on  the  apex 
of  the  hill,  and  may  easily  be  found,  by  measuring  17  feet  from 
the  stile,  and  14  feet  from  the  hedge  which  runs  across  the  hill. 
N  B.  The  station  is  west  of  the  hedge. 

Brill  on  the  mi,  Buckinghamshire.  The  station  is  on  Muzzle 
Hill,  near  the  town.  There  is  but  one  field  on  this  h.U :  it  *  on 
the  highest  part  of  it.  The  station  is  situated  in  the  centre  of  the 
field,  aid  in^he  middle  of  a  rising,  once  the  site  0 fa  wmdmd  . 
.  Arbury  Hill.  This  hill  is  still  surrounded  with  the  remamso 
an  ancient  fortification.  The  station  is  on  the  north-west  comer 
™  near  the  brew,  but  cannot  be  easily  found ^  digitized  by  G< 
„.„.  of  nrooer  obiects  to  which  measurements  may  be  made 
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rise  situation  cannot  be  easily  pointed  out  by  measurement.  It 
may,  however,  be  observed,  that  it  is  14  feet  southwards,  from 
the  decayed  parapet  on  the  top  of  the  hill. 

Quainton,  Buckinghamshire.  The  station  is  on  the  high 
ground,  north  of  this  town.  It  cannot  very  easily  be  found, 
because  the  hill  is  destitute  of  objects;  yet  it  may,  probably,  be 
discovered,  by  looking  for  it  on  the  green  ridge  which  divides 
the  land :  it  is  in  the  middle  of  that  boundary,  and  about  eoo 
feet  westward  of  the  pathway. 

Kins-aortb,  a  village  near  Dunstable.  The  station  is  on  the 
summit  of  a  hill,  about  half  a  mile  north  of  the  village.  A  hedge 
runs  across  the  hill,  from  which  the  station  is  40  feet  north- 
west :  it  is  likewise  close  to  the  road. 

Lillyboe,  Hertfordshire.  The  station  is  on  a  commanding 
eminence,  having  the  lcknield  way  at  the  foot  of  it.  There  are  no 
objects  on  this  hill,  therefore  the  precise  situation  cannot  be 
pointed  out  by  means  of  measurement :  it  is  towards  the  north- 
west corner  of  the  hill. 

Stanmore.  This  station  is  on  the  southern  extremity  of  the 
range  above  the  town  :  it  is  near  the  trees,  and  a  little  to  the 
westward  of  the  broken  ground. 

Busby  Heath,  near  Stanmore,  The  station  cannot  be  easily 
found  :  it  is  about  1000  feet  from  the  road,  but  tliere  arc  no  ob- 
jects near  enough  to  determine  it  by  measurement. 

JVrotbam.  This  station  is  205^  feet  north-east  of  the  old 
station :  it  may  be  easily  found,  with  the  assistance  of  a  theodo- 
lite, Severndroog  Tower  making  an  angle  of  940  1 9'  with  the 
new  station. 

Gravesend.  The  station  is  on  Windmill  Hill,  and  on  the  western 
side  of  it :  it  is  about  50  feet  south  of  the  stile,  and  near  the  brow. 
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found,  on  account  of  the  rugged  and  broken  ground  wmcn  sur- 
rounds it :  it  is  situated  40  feet  from  the  road,  and  among  the 
sand  holes.  , 

Langdon  Hill,  Essex.  The  station  is  in  the  middle  of  the  field 
on  the  top  of  this  hill:  it  is  about  400  feet  from  either  of  the 
stiles. 

Hadleigb.  The  station  is  on  a  remarkable  hill,  in  shape  very 
like  a  barrow,  and  is  about  a  mile  south-west  of  the  town. 

Soutbend.  The  station  is  in  the  second  field  westward  from  the 
terrace  :  jt  cannot  be  easily  found. 

Interior  Stations. 

Hopes  Nose,  the  north  projecting  point  of  Torbay.  The  only 
spot  fit  for  a  station  in  this  part  is  the  one  chosen :  it  can  easily 
be  found,  for  it  is  the  high  and  bare  rising,  just  above  the  Nose 

Ball's  Obelisk.  This  object  is  on  the  eastern  part  of  Great 
Haldon,  in  Devonshire.  The  station  can  be.  easily  found,  for  »t 
is  close  to  the  gate  of  the  inclosure,  and  on  the  only  spot  not 
covered  with  heath.    
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known,  and  the  station  easily  found;  for  the  apex  of  the  hill 
appears  as  if  it  were  truncated,  and  in  the  middle  of  the  smooth 
part  is  the  station. 

Cumner  Hill,  near  Oxford.  The  station  is  about  130  feet 
westward  from  the  centre  of  the  clump  of  trees. 

JVhittbam  Hill,  Oxfordshire.  There  are  a  few  trees  contiguous 
to  the  station,  which  bear  eastward  from  it,  and  are  about  80 
feet  distant.  The  station  is  on  the  highest  and  smoothest  part 
of  the  hill. 

Lidlingion,  a  village  near  Ampthill  in  Bedfordshire.  This 
station  can  easily  be  found,  for  a  tumulus,  whose  centre  is  the 
station,  has  been  erected,  to  render  it  conspicuous. 

Truster  Hill,  in  Woburn  Park.  The  station  is  on  a  tumulus 
likewise ;  and  can  be  found  without  any  difficulty. 

Stations  in  Essex,  Suffolk,  and  Hertfordshire. 
Prittlewell  Steeple. 

Rayleigb  Steeple.  The  station  is  in  the  north-east  corner,  20 
inches  from  the  north  parapet,  and  4  feet  from  the  eastern  one. 

Danbury  Steeple.  The  instrument  was  placed  in  the  four 
angles  of  the  Steeple,  as  circumstances  rendered  it  necessary. 
The  points  are  readily  found,  as  there  is  scarcely  room  in  the 
corners  to  place  an  instrument.  Stations  were  also  selected  on 
the  following  Steeples,  &c. 

Canewdcn  Steeple.      West  Mcrsea  St.  Little  Bemley  St. 

Frierning  St.  Colchester,  St.  Mary's  Staircase.      Woodbridge  St. 

Tillingham  St.  Tattingstone  St.      >  Butcly  St. 

Thorp  St.  Rushmerc  St.  Otley  Sr. 

Stoke  St.  Great  Tey  St.  Henley  St. 

Dover  Court  St.         St.  Osyth  Priory,  Flagstaff.  Falkenham  St. 

Pcldon  St.  Shoebury  Ness,  Staff.  Copdock  St. 
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Art.  viii.  Particulars  relating  to  tbe  Base  on  King's  Sedgemoor, 
and  tbe  Reduction  of  that  Base.  Plate  XXVIII. 

Comparisons  of  tbe  Chains. 

As  the  chains,  after  the  measurement  on  Salisbury  Plain, 
were  oiled,  and  laid  up  in  the  Tower,  no  apprehensions  were 
entertained  that  either  of  them  was  elongated  by  the  rusting  of 
the  joints.  It  was,  however,  our  wish  to  have  compared  them 
with  each  other,  previous  to  the  commencement  of  this  operation, 
and  attempts  were  made,  but  rendered  unsatisfactory,  from  the 
want  of  sufficient  firmness  in  the  soil.  It  was  not  till  we  arrived 
at  the  70th  chain,  that  a  good  opportunity  presented  itself; 
the  measuring  chain  A,  was  then  compared  with  the  standard 
B,  and  found  to  be  thirteen  divisions  of  the  micrometer  head, 
attached  to  the  brass  scale,  in  excess.  In  these  trials,  the  tem- 
perature remained  constant;  the  mercury  in  Fahrenheit's 
thermometer  being  at  66±"' 

The  50-feet  chain,  spoken  of  in  a  former  article,  came  from 
the  hands  of  Mr.  Ramsden  without  being  very  accurately  mea- 
sured ;  therefore  it  now  became  proper  to  ascertain  its  length, 
by  means  of  the  standard  chain.  This  was  accordingly  done  at 
the  present  time ;  when  B  was  found  to  exceed  twice  the  length 
of  the  50-feet  chain,  by  14,  divisions  of  the  micrometer  screw  ; 
the  the  1 1  IOmeter,  at  the  time  of  trial,  standing  at  6y±°. 

At  the  conclusion  of  the  measurement,  the  chains  were  again 
compared,  when  the  working  chain  A,  was  found  to  exceed  the 
standard,  17^  divisions  on  the  micrometer  head  :  this  was  after 
273  chains  were  measured.  Now,  when  70  chains  only  had 
been  measured,  the  difference  between  A  and  B  was  13  of  those 
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Art.  ix.  Table  of  the  Measurement  of  tbe  Base  of  Verification 
on  King's  Sedgemoor. 


Space* 

Mr  hi 

Spaces 

Mem 

Space* 

Mean 

Dayr. 

met  ui  red. 

temp,  by 

Day». 

measured. 

temp,  by 

Day  i. 

measured. 

femp.  by 

Yird«. 

1  s  therm. 

Yards. 

1 5  therm. 

Yards 

t  j  therm 

July 

IOO 

69.7 

3200 

79-7 

6 

63CO 

9*.*6 

200 

65.56 

3300 

79.96 

64OO 

86,73 

11 

300 

62,73 

-5 

34O0 

61,06 

6500 

68,30 

4OO 

67,40 

3500 

65.90 

7 

6600 

82,06 

5OO 

64,10 

26 

3600 

67,63 

6-00 

91,06 

12 

600 

65,30 

3700 

65.83 

6800 

89.76 

700 

73.40 

*7 

3800 

67,72 

6900 

93-43 

800 

69,36 

39OO 

75.53 

8 

7000 

75.94 

900 

68,06 

4OOO 

71,40 

7100 

81.57 

'3 

IOOO 

66.05 

4IOO 

7».*3 

7200 

81.93 

1  too 

70,30 

42OO 

67.14 

73OO 

79.36 

1200 

69>33 

3« 

4300 

66,56 

7400 

68,ze 

1300 

62,83 

Aug.  1 

44OO 

71,16 

9 

75OO 

78.18 

»4 

1400 

63.93 

a 

4500 

64,60 

7600 

76,50 

1500 

61,40 

4600 

65,16 

7700 

7«.»6 

1600 

57.o3 

4700 

68,16 

78CO 

7*.»3 

16 

1700 

66,36 

4800 

70,16 

7900 

70,8 

1  800 

65,80 

76,23 

1 1 

8000 

71. c 

' »  * 

1900 

71.03 

5000 

70,66 

SlOO 

8.4 

>7 

2000 

7J.70 

5IOO 

«4,22 

8aco 

8f.S3 

2100 

80,43 

3 

5200 

64,46 

8300 

76.»3 

2200 

77.53 

5300 

63.96 

8400 

69,56 

18 

2300 

65,96 

5400 

63,86 

8500 

66,63 

.2400 

69.79 

550O 

67.«3 

>4 

8600 

8J.53 

2500 

69,56 

4 

56CO 

78.53 

8700 
8800 

83.73 

2600 

68,16 

570O 

73.84 

85.87 

»9 

2700 

68,19 

58OO 

69,83 

8900 

78,46 

2800 

72,66 
69,23 

5900 

65,86 

90C0 

78,36 

2900 

60OO 

61,50 

11 

9100 

73.77 

ji 

3000 

70,76 

6lOO 

"6,46 
84,26 

9225,4943 

63,00 

3100 

79.68 

6lOO 
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27682,394.4. 

And,  for  the  reduction  of  the  base  to  the  tempe- 
rature of  620,  viz.  for  8*  on  the  brass  scale,  we  Iiave 
o,0l»37  x^7»,8  xs»  _2  2497  fect .  which  subtract  —2,2497 

Therefore,  the  length  of  the  base  is  -  -  -  feet  276*80,1447 
which,  neglecting  decimals,  may  be  taken  at  27680  feet. 

As  to  the  probable  error  of  the  above  conclusion,  I  know  not 
how  to  form  a  just  opinion.  On  ground  sufficiently  hard,  and 
otherwise  favourable,  I  think  a  base  of  5  miles  might  be  mea- 
sured so  accurately,  as  to  afford  a  result  not  differing  from  the 
truth  more  than  three  inches  :  but,  on  this  occasion,  I  should 
not  suppose  the  error  can  be  less  than  six,  nor  more  tlian  nine 
inches.  Motives  for  adopting  this  supposition,  have  been  related 
in  a  foregoing  article. 


art.  xi.  Calculation  of  the  Sides  of  certain  principal  Triangles  in 
Cornwall  and  Devonshire.    Plate  XXVII. 


Distance  from  Hensbarrow  to  St.  Agnes  Beacon,  97084,8  Feet.  Phil.  Trains.  1797,  p.  461. 


No.  of 
triangle* 

Ninci  of  stations. 

Observed 
angles. 

Diff. 

Spheri- 
cal 
exerts. 

Error. 

Angles  corrected 
for  calculation. 

Distances. 

I. 

St.  Agnes  Beacon 
Hensbarrow  - 
Trevosc  Head  - 

0     |  « 

47  lo  °>75 
67    6  13,15 

65  43  47 

— o'lj 

-0,58 

-0,57 

m 

t 

O     1  m 

47  *o  3»*5 
67   6  13 

°S  43  43.75 

Feet. 

180    0  1 

l»JI 

—0,31 

Trevosc  Head  from  • 

r  st.  A« 

Hensb 

ncs  Beacon 
arrow 

98108,1 
78099,9 
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No.  of 

K.mn  of  tmioni. 

Outer,  c  J 
angles. 

Diff. 

Spheri- 
cal 

Error. 

Adglet  corrected 
for  calculation. 

Oiitiocct. 

VI. 

Carraton  Hill    -  - 
Black  Down  - 
St.  Stephen's  Down 

©      t'  M 

48  $7  8,25 

39  44  39 
91  18  12.75 

f 

— Oj24 
—  0,22 

* 

# 

4°8  57  9.25 

39  44  3*'S 
91  18  12,25 

Feet. 

180    0  0 

0,89 

—0,89 

St.  Stephen's  Down  from^ 

'  Carraton  Hill 
Black  Down 

5'99»'3 
61506,7 

Distance  from  Carraton  Hill  to  Kit  Hill,  33427  feet.   Phil.  Trans.  1797.  p.  459. 


VII. 


Carraton  Hill  -  - 
St.  Stephen's  Down 
Kit  Hill  • 


70  15  32 

37  ' 

•  « 

—0,14 
—0,11 

70  15  32,25 

37  I  5S>?5 
72  42  32 


Carraton  Hill 


St.  Stephen's  Down  from/  jjjjj 
Mean  distance  from  St.  Stephen's  Down  to  Carraton  Hill,  52292,7  feet 


52994 
51240,4 


riu. 


■St.  Stephen's  Down 
Black  Down  - 
Kit  Hill 


54  t6  13 

5*  57  37 

la  • 

—0,19 
—0,19 

54  «6  'M 
52  57  36«S 
72  46  it 


Black  Down  from  (s?S™  h«i*  Down" 


53128 
62509,2 


Hence  the  mean  distance  from  Black  Down  loSt.  Stephen's  Down,  is  62508  feet. 

In  the  third  triangle,  the  angle  at  Cadon  Barrow  is  supplemen- 
tary. When  the  observations  were  made  at  that  station,  a  direction- 
post  at  Bodmin  Down  was  mistaken  for  the  staff,  (to  which  it  was 
similar  in  shape,)  erected  at  no  great  distance  from  it.  This  error 
was  not  detected  till  long  after :  and,  although  it  has  been  a  maxim 
to  which  we  have  generally  adhered,  of  observing  all  the  angles  of 


Hai!,GtH31.JJ*1 


ft  M  J1 
t7  i  5* 


fat  FSlTd»flf-»J 


«4*JP 


-*»4 

-0,11 

3» 


was  chosen  for  a  station,  after  the  observation,  were 
former.    To  have  visited  Kit  Hill  a  second  time  would  have  been 
unnecessary,  because  there  are  not  any  distances,  except  to  .ntenor 
objects,  which  depend  upon  those  triangles. 

art,  xu.    Calculation  of  the  Sides  of  a  Set  of  principal  TnangUj 
carried  on  from  the  Side  zvbicb  joins  the  Stattons  on  Beacon  Hill, 
LrAneU  ^d  W^een  HUl,  near  ^f^ards  tbe 
Base  of  Verification  on  Kwgs  Sedgemoor.    Plate  XXIX. 
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trtingin 

Nam?!  of  tutiaoi. 

Oli  m  rvnl 
\JV  »<  i  TCU 

aWlgkf. 

D  '• : 

cal 

excrii- 

Error. 

Car  calculation. 

Duuaces. 

XI. 

Bull  Barrow 
Bradley  knoll 

A  tH  BMmii  _ 

0        1  • 

4°  3 8  47.75 
45  43  3-5 
93  38  12,5 

—  0,28 

—  0,28 
—0,65 

O        t  r 

40  38  45,25 
45  43  3-*S 

□  1    i  8  lie 

Feci. 

180    0  3,75 

1,25 

+  2.5° 

Ash  Beacon  from  < 

'  Bradley  Knoll 
_  Bull  Barrow 

• 

68650,6 

7545" 

XII. 

Beacon  Hill 
Bradley  K  10U 
Westbury  Down 

*3    4  >5 
42  43  29,75 
114  12  18,5 

—  0,08 

+  0.07 
-O.97 

23  4  '4-75 
42  43  28,25 

I  I  A     1  *     I  f 

180   0  3,25 

1,17 

+2,08 

Westbury  Down  from| 

Beacon  Hill 
Bradley  Knoll 

■ 

100625,1 
58118,2 

XIII. 

Westbury  Down 
Bradley  Knoll 
Mcndip  Hills 

40  48  i»75 
101  23  59 
37  47  58.5 

—0,12 
—0,48 
— 0,l6 

40  48  1,75 
101  23  59,75 

37  47  $8*5 

179  59  59>*5 

o.77 

-1,52 

Mendip  Hills  from-- 

Westbury  Down 
Bradley  Knoll 

92954,0 
61961,1 

Bast  of  vtrification*—GTty\otk's  Foss  to  Lugshorn  Corner,  27680  feet. 


XIV. 

Lugshorn  Corner 
Grey  lock's  Foss  - 
Dundon  Beacon  - 

»°7  44  3> 
8  30  0 
63  45  29 

'07  44  3> 
8  30  0 

63  45  *9 

180   0  0 

0 

Dundon  Beacon  from^ 

r  Lugshorn  Corner 
,  Greylock's  Foss 

456i.> 
*9393 

r 


(  Imcoii  MS 

\Ti irfcflrj  D0*11  fn)0ll  B«i>?  S*1 


■3  59  »•« 


1  0.77 


.  ir  /  Grcvlock'i  Fosi 
Moor  Lynch  from^  Dundon  Beacon 


8421,J 

32688.7 


xvi.  Lugshorn  Corner 
Grcylock's  Fo« 
Moor  Lynch 


11  5'  59 
"4   9  59 
S«  S*  3.»5 

180    0  1,25 

+  1,15 

'3  5«  58.75 
"4   9  S».5 
S'  5*  *'7S 


Moor  Lynch  froroj  g"^'^'/^"" 


Lugshorn  Corner 
Moor  Lynch 
Dundon' Beacon 


93  5*  J3JS 
8    a  10,15 

78    7  "4-5 


-i.S 


93  5»  34.55 
8    o  1 0,7 J 

78    7  «S 


•  79  59  58-5 

r      f  Lugshorn  Corner 
Dundon  Beacon  from|  Moor  Lynch 


}io6i,j 
8411,8 


4561,5 
31689,0 


Hence  the  mean  di»»K*        Moor  Lynch  ro  Dundon  Beacon  i,  31668,85  fret. 


Moor  Lynch 
Dundon  Beacon 


S4  38  5°  -°'°7 
101  11  54.S  -0'3* 


5+  J8  49,5 
101  21  S3.7S 
»1  58  10,7; 
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No.  of 
triangles 

N'inici  of  JUtiuoi. 

Obicrved 

DirT 

5pheii- 

Cil 

eiceu  ■ 

Error. 

Anglti  corrected 
fof  calculation 

Diiuncci . 

xtx. 

Moor  Lynch    •  • 
Mcndip  Hills 
Ash  Beacon 

o    i  » 

54    3  »*.S 
&y  2b  48,25 

56  29  51.5 

■ 

—0,42 
-0,49 
—0,42 

i 

1 

at*' 

54    3  " 
69  26  47 

50  29  51 

Feet. 

180    0  2,25 

•»33 

+  0,92 

• 

Ash  Beacon  from< 

'  Moor  Lynch 
.  Mcndip  Hills 

8SS7I 
76851 

MFeniUn  Hills 
Ash  Beacon 
Bradley  Knoll 

58  16  22 

5°   8  4S»S 
7'  34  55 

—0,30 
—0,28 
—o,^6 

c8  16  2 1 ,c 
50    8  45,25 
7«  34  S4.IS 

183    0  2,5 

0,95 

Bradley  Knoll  fromj 

Mcndip  Hilts 
Ash  Beacon 

61963.5 
68653,6 

The  distance  from  Bradley  Knoll  to  the  station  on  Mendip  Hills, 
and  also  to  that  on  Ash  Beacon,  is  given  in  the  preceding  triangles, 
independent  of  the  above  values.  The  first  is  6196 1  ,i ,  and  the  second 
68650,6  feet:  these  distances  have  their  origin  in  the  base  on 
Salisbury  Plain.  The  other  distances  are  61963,5,  and  68653,6  feet; 
and  these  depend  on  the  base  of  verification  on  King's  Sedgemoor. 
There  is,  therefore,  a  difference  of  2t4q  feet  between  the  values  of 
one  distance,  (12  miles  nearly,)  and  3  feet  between  those  of  the 
other,  which  is  about  13  miles  in  length.  If  the  computations  had 
been  carried  on  from  one  base  to  another,  the  difference  between  the 
measured  base  on  Sedgemoor  and  the  computed  base,  would  have 
appeared  to  be  one  foot  nearly.  I  have  already  delivered  it  as  my 
opinion,  that  an  error  of  nine  inches  may  exist  in  the  new  base : 
therefore,  these  results  must  be  considered  as  satisfactory  enough. 
A  different  correction  of  the  observed  angles,  or  another  selection  of 


M5I 

Atk  Be**  fr*""  [  IMP  • 


si?  ^1 


to 


■   1  o,9j  +'•'! 

L  nfvL-Tificat'«,onW*,v^5 


In  one  of  the  foregoing  triangles,  (Bull  Barrow,  Bradley  Knoll, 
and  Ash  Beacon,)  the  distance  between  Ash  Beacon  and  Bull  Barrow 
is  found  to  be  75 45 1  feet  If  the  mean  distance  between  Bradley 
Knoll  and  Ash  Beacon,  viz.  61961.8  ***  te  now  "f^ff ' 
feet  becomes  the  distance  between  those  stations;  and  th.s  shall 
use,  in  computing  the  sides  of  the  two  triangles  which  .mmecuatdy 
follow. 


No  at 

tfi»liglti 


XXI. 


,  of  stuion.. 


A»h  Be«con 
Bull  Barrow 
Miiiwm 


3+  i«  56'25 
51  i(i  4.2 

94  M  *3 


DUE. 


-0,14 

—0,13 


Sphrn. 
cal 


180  o  1.15 

Mintern  from  | 


o.59 


Error. 


Angles  collected! 


34  »8  S5'75 
I  5'  *6  4"'7S 
94  14  i»,S 


+0,661 


XXII. 


Pilsden 
Ash  Beacon 


49  ti  3B'J> 


—  0,14! 
-0.24! 


{9166,6 
4*6537 


35  3  ««7i^  Digitized  by  Ci< 

49  21  38 
95  35  J,«*5 


59$ 


The  Account  of  a 


No.  or 

triangle. 

Naines  of  stations. 

Obicrved 
angle*. 

Diff. 

Spheri- 
cal 
excess. 

Error. 

Angles  corrected 
(or  calculation. 

Distance! . 

ZXMI. 

Moor  Lynch 
Ash  Beacon 
Pilsden 

o      1  * 

57  <9  3»S 
76   2  36,5 

■ 

—0,64 
-0,39 

1 

1 

•     r  « 

57  «9  M 

76     2  36 

46  38  21,5 

Jcet. 
1 18230 

*ilsden  from  M 

oor  Lyr 

ich 

But  Pilsden  was  also  observed  from  Dundon  Beacon  ;  from  which,  and  the  angle  observed 
at  Moor  Lynch,  between  Dundon  Beacon  and  Pilsden,  results  the  following  triangle. 


XXIV. 


Moor  Lynch  - 
Dundon  Beacon 
Pilsden 


56  43  36,75 

+0.03 

56  43  36,5 

108    1  52 

-0,64 

108    1  51,75 

«       •  * 

'5  »4  31.75 

Pilsden  from  Moor  Lynch 


18233,6 


Hence,  the  mean  distance  from  Moor  Lynch  to  Pilsden  is  1 18231 ,8 
feet ;  and  this  is  the  side  from  which  the  series  about  to  be  carried 
on,  for  the  survey  of  the  north  of  Devonshire,  is  to  originate. 

In  the  triangle  formed  by  the  stations  on  Mendip  Hills,  Bradley 
Knoll,  and  Westbury  Down,  the  distance  between  the  first  and  last 
is  92954,0  feet;  but,  computing  with  the  mean  distance  from 
Mendip  to  Bradley  Knoll,  (61962,3  feet,)  as  found  from  both  bases, 
the  distance  from  Mendip  to  Westbury  Down  proves  to  be  92955,9 
feet;  which  distance  is  used  in  the  remaining  principal  triangles  in 
this  quarter. 


77  53.75 
63  42  51,25 

38  55  '7-5 

—0,44 
-0,34 

-0,3= 

77  *«  52'75 
63  4*  49>7S 
38  55  »7.5 

180    0  2,5 

1,10 

+  1,40 

xxv. 


Farley  Down  - 
Westbury  Down  - 
Mendip  Hills  - 


kk.~a:~  f..„.-  /  Farley  Down 
Mendip  from  <  ,„  JL 

r  t  Westbury  Down 


85412,2 

9*955.9 


TT  I  ' 


H  T.  ' 


Dundry  front  {fc^"    "  .  • 


XXVII. 


Dundry  .  , 
Linden  - 


XXVIII. 


Dundry  • 
Farley  Down 
Lansdown  - 


4«    3  5*. 5 
»3  34  •» 

—0.15 
—0,40 

 ,  

Lansdown 

from  , 

1  Mcndip 
_  Dundry 

ij  41  56.15 
*7    5  *7-5 

— 

— 0,09 
—0,1 1 



)" 


4'  J  5».» 
83  34  »7.J 
S>  *«  44.»5 


13  41  56 
*7   S  »7.»J 
'39  '*  36.7J 


,rom  \DunJry 


Down      -  - 
ry 

Wberafore,  *he  mean  distance  from  Dundry  to  Lansdown  is  51148.9  feet 


S31' 


55*4".* 


«873C,»4 
5S'48.7 


art.  xni.  Calculation  of  tbe  sides  of  certain  principal  Triangles, 
carried  on  from  tbe  side  Bagsbot  Heatb  and  Higbclere,  towards  tbe 
north.    Plate  XXXI. 

Distance  from  Bagthot  Heath  to  Highclcre,  141951.6  feet.  Phil.  Trans.  179$.  p.  496. 
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No.  of 
irUoglct. 

Nimti  of  Hilioiu. 

Obicrvrd 
uglea. 

Diff. 

Spheri- 
cal 

exceu. 

Ln  ui  . 

Angles  corrected 
for  cakatatiM. 

Dutaoctt. 

XXX. 

White  Horse  Hill 
Highclere  - 
Nuffield  - 

*     .  u 

63    7  53/25 
6j  18  16,75 

53  33  49.5 

*' 

-o,SH 
-0,94 
_o,86 

m 

|i 

63     7  5Jr5l 
63   18  17 

63  33  49»5 

Feet. 

•79  59  59  5 

2.74 

-S.24 

White  Horse  Hill  from 

r  Nuffield 

\  Highclere 

« »«>557.7 
108563,1 

Distance  from  Beacon  Hill  to  Highclere,  98694,4  feet.    Phil.  Trans.  1795.  p.  497. 


XXXI. 

Beacon  Hill  -  - 
Highclere  - 
Inkpin  Hill    -  - 

>7  42  38.S 
56   0  19,75 
106  16  53,25 

—0.12 
+0,08 
-0,47 

17  42  38,25 
56    0  29.25 
106  16  52,5 

180   0  1,5 

0,50 

+  «,o 

Inkpin  Hill  from  {  ^SStm 

31278.8 
85*47,9 

XXXII. 

Highclere    -  - 
Inkpin  Hill  - 
White  Horse  Hill 

34  2?  S«'7S 
«33  *7  57-5 
•«    4  "».S 

+0.38 
—0,91 
+  0.04 

34  27  5°.7S 
133  27  58 
i«    4  n.25 

'79  S9  59.75 

°.49 

-•.24 

White  Horse  Hill  from 

f  Highclere 

\  Inkpin 

108565.5 
84647.' 

In  the  following  computations,  I  shall  use  120557,7  feet  for  the  dis- 
tance between  White  Horse  Hill  and  Nuffield  :  this  is  derived  from 
the  base  on  Hounslow  Heath.  By  the  last  triangle,  White  Horse  Hill, 
from  Highclere,  is  distant  108565,5  feet  ;  which  is  computed  from 
the  base  on  Salisbury  Plain.  The  distance  between  those  stations, 
found  by  the  second  of  the  above  triangles,  is  108^3,1  feet.  There- 
fore, whether  the  distance  between  White  Horse  Hill  and  Nuffield 
be  founded  on  the  base  measured  on  Salisbury  Plain,  or  Hounslow 
Heath,  nearly  the  same  conclusion  is  derived :  the  difference  will 


lift  ft  JN  I  1*"^ 


,53  u  i-*' 


XXXIII. 


White  Horte  Hill 
Nuffield  - 


38  48  13.15 

86  4  16,15 
55    7  33-5 

-0,67 
-1,21 
-0.71 

.80   0  3 

1,6 

♦  0,4 

38  x8  0.5 
86  '4  15 
S3   7  3M 


Brilf 
White  Hone  Hill 


XXXT, 


- 

-4  j  a  -nvi 


50  H  44-5 
64  45  43-75 
59  *« 


180 


-Hi 
-1.34 
-1.35 


50  «4  45 
64  45  4*-5 
64  5*  4$ 


,   0,15  J.88  -3.53 

{White  Hoc H  Hill 
Brill     -  • 


Brill 
Slow 


_o,6i 


3*  34  43  l-"'"' 
60  56  6,»5Hw4 
86  19  I3>5  — 


180  o 


».37 


+  0.38 


3*  34  4*  »5 
60  56  5,5 
86  19  11,15 


.1 

■iiITt? 


Epwellfrom  {|^ 


46603,1 
91085,5 


114365,6 
I4°3»M 


78938.1 
118140 
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XXXVII 


Ntmct  of  lUtioDt. 


Broadway  Beacon 
Epwell 

Corley     •  - 


Observed 
ingle*. 


56  3*  45 

95  34  *5'*S 
*7  5*  49'7S 


180 


DirT. 


—0,34 

—  1,02 

—0,6 1 


>  }:  1  r  r  [  - 

cal 

exccu. 


I>58 


tiror. 


-I.S8 


Angles  corrected 
for  calculation, 


—         1  " 


S6  3*  44.75 
95  34  *4-7S 
*7  5*  5©»S 


Corley  from  Broadway  Beacon 





171568 


111 


Brill 
Epwell 
Arbury  Hill 


34  *3  58.5 
85    o  18,5 

60  35  45.5 


180   o  3,5 


—0,65 
—  1,10 
—0,70 


2,46 


34  *3  57.5 
fS  o  '7.5 
60  3S  57-5 


Arbury  Hill  from  {  f  gf" 


83098,4 
.46530 


xxxix. 


Arbury  Hill 

Epwell 

Corley 


89  57  4.5 
54  45  '8.75 
35  '7  30.7S 


180   o  o 


.1,14 

-0.57 
•o,S7 


2,29 


—2,39 


89  57  5.5 
54  45  >8.*S 
35  '7  3<>,*S 


H7463 
143827,8 

By  the  triangle  Broadway  Beacon,  Epwell,  Corley,  (tee  the  above)  the  distance  from 
Corley  to  Broadway  Beacon  is  the  only  distance  computed ;  and  this  has  been  obtained 
through  the  means  of  two  observed  angles  only.  When  the  observations  were  made  at 
Broadway  Beacon,  it  was  not  imagined  Corley  could  be  seen  ;  and  the  contrary  was  not  known 
till  the  party  arrived  at  the  latter  place.  In  so  large  a  triangle,  it  would  certainly  be  right  to 
observe  all  the  angles:  but  I  have  given  the  angles  as  they  now  stand,  because  the  distance 
from  Epwell  to  Corley  comes  out  14383 1  feet,  which  deterinination  differs  only  three  feet 
1  the  same  distance  found  by  the  last  triangle. 


XL. 


Bow  Brickhill 
Arbury  Hill 
Brill 


68  22  56,75 

43  '6  55-5 
68  20  7,75 

—  1,21 
-0,99 

—  1.22 

180    0  0 

3.43 

-3.43 

68  22  59 


Bow  Brickhill  fromj  f " 


It 


1 4648 1 
108058,9 
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It  will  now  be  expedient  to  compute  the  distance  from  Bow  Brick- 
hill  to  Brill,  by  means  of  another  set  of  triangles.  And  it  was 
for  the  express  purpose  of  verifying  this  distance  found  by  the  last 
triangle,  that  Scutchamfly  Barrow,  in  Berkshire,  and  the  station 
above  Wendover,  were  chosen.  The  base  on  which  these  triangles 
are  to  rest,  is  the  distance  between  Nuffield  and  White  Horse  Hill, 
viz.  120557,7  feet. 


No.  of 
triangle* 

Names  of  stations. 

Observed 
angles. 

Diff 

Spheri- 
cal 
excess. 

Error. 

Angles  corrected 
. for  calculation. 

■ 

Distances. 

.1 

XL1. 

Nuffield 

White  Horse  Hill 
Shotover  Hill     -  ' 

01* 

6z  32  5,25 

35  34  a3'*5 
81  53  29,75 

-0,53 

—0.47 
—0,74 

si 

# 

0*0 

62  32  6 

35  34  *4 
81  S3  30 

Feet. 

'79  59  S«.as 

i»7S 

-3.5 

Shotover  Hill  from  «j 

'  White  Horse  Hill 
;  Nuffield 

108050,2 
70841,1 

xXTii 

Shotover  Hill  - 
White  Horse  Hill 
Scutchamfly  Barrow 

26    8  8 

41     4  2 
III  47  50 

—0,12 
—0,04 
-0,70 

26    8  8 
42    4  a 
III  47  50 

180    O  O 

0,86 

—0,86 

Scutchainfly  Barrow  from  j 

r  White  Horse  Hill 
,  Shotover  Hill 

$1261,9 
77968,3 

Kittr, 

Shotover  Hill 
Scutchamfly  Barrow 
Wetidover 

II7  30  56 

34  *°  53 
28    2  12,75 

—1*41 
—0,01 
— 0,09 

««7  30  55-*5 
34  »6  Sa 
a8    3  11,75 

180   0  0,75 

i.S* 

-0,77 

Weii  dover  from  - 

r  Scutchamfly  I 
I  Shotover 

(arrow 
-  • 

•47"3.3 
93**8.6 
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Nines  of  Station*. 

Observed 

Diff. 

Sphcri* 

CXCCU. 

Error. 

An* \ct  corrected 

fo, 

I 

>Uunces. 



JtLIV. 

.  1 

Wendovcr 
Shotover  Hill  - 
Brill 

• 

•  •  . 

»3  *3  57.5 
4»  3"  39-7$ 

•  •  • 

« 

0,11 

O.O4 

n 

*s  »a:S7.»s 
48  30  40.5 

108    c  21.  a  c 

... 

Jl 

Feet. 

7394°«S 
39200,2 

 — 



B 

rill  froir 

I»»l 

\  Sho 

• 

tdover 
tover  H 

XLY. 

Wendovcr 
Brill 

Bow  Brickh.il 

80  11  9.25 

57  *S  »»S 
4*  13  S°  75 

— 0.67 
— °'47 
—0,44 

80  11  8,; 

57  *5  °'75 
4*  *3  50.75 

- 

9*400.7 
108055 

ilo    0  1,51 
Bow  Brick 

biUfrofi 

1.58 
1  {bS 

—0.07 

idover 
1  - 

According  to  the  lint  determination,  the  distance  from  Bow  Brickhill  to  Brill  is  108058,9 
feet,  and  by  the  last,  108855  feel-  There  is,  therefore,  a  difference  of  4  feet  nearly  ;  a  quan- 
tity which  must  be  deemed  inconsiderable  ;  hence,  108056,9  feet  may  be  taken  for  the  true 


XLTI  . 

tinsworth 

Bow  BfickhiU  - 

Brill 

6a  ss  38,75 
88  42  0 

•        •  ■ 

61  55  38,5 
88  41  59,85 

28  22  22,25 

ill  - 

121322,5 
S7668 

Kinswo 

rth  icon 

•{K 

1 

Brickh 

XLVI1 

Quainton  - 
Brill 

33  *6  4» 
94  5"  37 
5'  34  33 

33  *<5  49 
94  5«  38 
S>  34  33 

•  • 

40908 
58146,4 

'79  59  l> 

Ogata 

ton  frorr 

0,55 

f  Bril 
1  (We. 

-2.5s 
- 

idover 
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An.!., 
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j  p  n  c  1 1  m 

c»l 
ex.  t-. 
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for  calculation. 

DltUactl. 

XLVIII 

!iow  BrickbiU  - 
Wendoter  - 
C&uriiitOn 

o      .  I 
3«  5'  4C7S 
46  44  29,$ 

94  *3  S°'*S 

m 

it 

«r 

•     «  u 

$9  Ji  40,75 
46  4*  *9>1S 
94  *J  5° 

r««. 

1 

l8o    O  I.*] 

0.83 

+0,4* 

1 

,        [  Wendover 

Quamton  from  [  ^ 


58146,9 
6749>.3 


In  the  aboyc  triangle,  I  hare  computed  the  distances  of  Wendover  and  Bow  Brickhill  from 
Quainton  with  92400,7  feet,  the  side  Wendorcr  and  Bow  Brickhill,  as  determined  in  a 
former  triangle. 


85    9  52.75 
S*  '7  56.7$ 

85    9  52 
52  17  56 
42  32  12 

XL  I  X 


Bow  BricktiiU 

Kiniworth 

Quainton 


Quainton  l»  {ftSSSm 


84997 
67490,3 


Therefore,  67490  may  be  considered  at  nearly  the  true  distaace,  in  feet,  between  Quainton 
and  Bow  Brickhill. 


L. 

Bow  Brickhill 

Kinsworth 

LUlyhoe 

42  10  36.75 
82  50  30,5 
54  38  S3 

42  10  36  J 
82  50  30 
5+  38  53,5 

180    0  0,25 

1,26 

-1,50 

T ...  .     ,       f  Kinsworth 

Bow  Brickhill 

47*78.7 
69867 

As  the  stations  Lidlington,  Trusler  Hill,  together  with  Crouch  Hill,  Cumner  Hill,  and 
Whircham  Hill,  have  been  used  for  purposes  of  greater  importance  than  secondary  ones  have 
been  generally  applied  to,  I  shall  insert1  the  triangles  formed  by  their  intersections  in  thia 
article. 
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No  of 
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Diff. 

Sohtn- 
ul 

Error. 

AforaUul^otd 
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it. 

Kinsworth       -  * 
Bow  Brickhill  . 
Lidlington 

O       |  1 

3«     4  5 
8o  39  37.15 

68  16  22,25 

m 

• 

m 

Of* 

3«    4  4 
80  3?  34.7$ 
68  16  2i,»5 

Feet 

■ 

180    o  4,5 

0*2 

+4-9* 

Lidlington  from 


f  Bow  Brickhill 
\  Kinsworth 


1*035.6 
61*55.3 


HI. 


Lillyhoe 

Kinsworth 

Lidlington 


78  58  26 
51  46  22 


78  58  26 
51  46  22 
49  «S  •* 


47280 
49°*5 


Lniyhoefroml^"^      "   _  - 

The  distance  from  Lillyhoc  to  Kinsworth,  as  found  in  a  former  triangle,  is  47278,1  feet, 
and  by  the  last  47180  feet ;  therefore,  47279,3  may  be  taken  for  the  true  distance  in  feet. 


38  28  56 

*3  59  3« 
«    •  • 

38  28  56 
*3  59  3> 
117  3'  33 

LIU. 


Bow  Brickhill 

Lillyhoe 

Lidlington 


Lillyhoe  from  {  jJJfSBjfcjij 


And  this  triangle,  with  that  preceding  it,  gives  the  mean  distance  between  Lillyhoe  and 
Lidlington  =  49026,1  feet;  and,  with  the  triangle  Lillyhoe,  Kinsworth,  and  Bow  Brickhill, 
it  assigns  69868  feet  for  the  mean  distance  between  Lillyhoc  and  Bow  Brickhill. 


5  5* 

»4  54  4*»7S 

B        ■  • 

5  5*  ««•$ 
'4  54  4*»75 
»59  '3  5*75 

LIV. 


Lillyhoc 
Bow  Brickhill 
Trusler  Hill 


Trusler  Hill  from  (J?^^ 


20138.7 
50673,6 
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No.  of 
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Error. 

Angle*  corrected 

LIT. 

Crouch  Hill 

Epwell 

Brill 

/ 

•4$  23  *6-25 
»7    3  i° 

0 

■ 

* 

«45  *3  *6 
17   3  10 

7  33 

— 

■ 

Sees. 

101608 
£9668,8 

Crouch  Hi 

11  from 

r  Brill 

i  Epwd 

1 

Distance  from  White  Horse  Hill  to  Shotorer  Hill  106050,1  feet. 


ir. 

Shotorer  Hill  - 
White  Horse 
Whiteham  Hill  - 

4*    5  3*»75 
«6  59  53.75 
«»4  54  34»75 

48   5  3«,*5 
«6  59  53»*S 
"4  54  34»S 

180   0  1.25 

Whiteham  Hill  from, 

r  White  Horse  Hill 
Shotorer  Hill  • 

88662,2 
34**7.4 

LVI. 

Whiteham  Hill  - 
Shotorer  Hill 
Cumnerffill  - 

55  5*  35 
*4  37  36 
99  *9  48.5 

55  S*  36 
J4  37  37 
99  »9  47 

'79  59  59.5 

Cumner  Hill  fromj 

'  Shotow  Hill 
Whiteham  Hil 

*9*3M 
«47i4'J 

And,  because  the  Observatory  of  his  Grace  the  Duke  of  Marl- 
borough, at  Blenheim,  together  with  that  at  Oxford,  have  been 
observed  with  the  same  care  and  attention  as  the  principal  stations, 
and  also  because  precise  determinations  of  the  situations  are  of 
great  importance,  I  shall  here  insert  the  triangles  formed  by  their 
intersections. 
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LVII. 

Shotover  Hill   -  - 
Cumner  Hill    -  - 
The  Atlas  oil  the  top 

of  the  Observatory 

at  Oxford 

Ox 

O      I  « 
13  11  J 

*9  *3  33 

•       •  • 

1 

0 

■ 

•     >  ' 

23  1!  5 

29  23  33 
127  23  22 

1 

11  - 

reel. 
180I5.1 

ford  Obscrvatc 

»ry  from 

f  Cun 
V  Sho 

iner  Hi 
:over  H 

LV1II. 

Whiteham  Hill  - 
White  Horse  Hill  - 
Blenheim  Observatory 

■J«  *S  36-5 
10  30  43,$ 

•       •  • 

»3»  "5  35-5 
to  30  43,75 

38   3  4o.7S 

e  Hill  - 
Hill    -  - 

■07831,9 

^6237.6 

leim  Obscrvatc 

ry  from 

/Wh 

iwh 

te  Hors 
teham 

  • 

art.  xiv.  Triangles  for  connecting  tbe  Series  carried  on  from  Scut- 
cbamfly  Barrow  and  White  Horse  Hill,  in  Berkshire,  into  Bucking- 
hamshire and  Bedfordshire,  with  the  Series  carried  on  for  tbe  Survey 
of  Essex. 


The  angle  at  St.  Ann's  Hill,  between  the  station  on  Hanger  Hill 
Tower  and  Hampton  Poor  House,  inferred  from  General  Roy's 
Account,  is  35°  33'  58",5.  In  1793,  the  angle  between  the  staff  on 
Pen  Church  Tower  and  Hampton  Poor  House  was  taken,  and 
found  =  950  5/  34",5 ;  therefore,  the  angle  between  Pen  Tower 
and  Hanger  Hill  is  700  23'  36". 

The  distance  from  St  Ann's  Hill  to  Pen  is  determined  by 
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r  CurJf  Hill 


n /connecting  1^^% 
..-MMI.  between  the  sn>*»  ;r. 


St.  Ami's  Hill 
Pen  Tower  - 


io  ;s  4'8 

7°  jo  37 

•       |  • 

■ 

1 

8o  4j  48 

70  3°  37 
*8  45  35 


Pen  Tower  from  J 


Bjgshot  Heath 


r«t. 


92000,5 
96318 


The  distance  from  St  Ann's  Hill  to  Hanger  Hill  Tower  is 
6*8895,8  feet :  this  is  derived  from  the  mean  length  of  the  base 
on  Hounslow  Heath.  This  side,  together  with  St.  Ann's  Hill 
and  Pen,  using  the  included  angle  at  St.  Ann's  Hill,  as  found 
above,  give  94640,5  feet,  for  the  distance  between  Pen  and 
Hanger  Hill  Towers. 

The  angle  at  St.  Ann's  Hill,  between  Bagshot  Heath  and 
Hanger  Hill  Tower,  is  151'  7'  S4",25:  this,  with  the  sides 
Bagshot  Heath  and  St.  Ann's,  St.  Ann's  and  Hanger  Hill, 
give  17*  13'  48",  for  the  angle  at  Bagshot  Heath,  between 
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Which  triangle  gives  37431  feet,  for  the  distance  between  Stan- 
more  and  Hanger  Hill  Tower. 

The  angle  at  the  station  on  Bow  Brickhill,  (see  the  preceding 
article,)  between  Wendover  and  Kinsworth,  is  460  18'  8",$; 
and  the  distances  from  it  to  these  stations  are  93402,3  feet, 
and  57668  feet  respectively :  these  give  the  following  triangle. 
Bow  Brickhill       -      460  18'  8",5 


From  which  the  distance  between  Wendover  and  Kinsworth 
is  found  ==  6*7090,7  feet.  The  observed  angle  at  Wendover, 
between  Bow  Brickhill  and  Stanmore,  is  1020  2a'  29";  from 
which,  subtracting  380  25'  2 1",25,  the  angle  between  Bow  Brick- 
hill and  Kinsworth,  we  get  63*  57'  7",75,  for  the  angle  between 
Kinsworth  and  Stanmore.  Again,  the  observed  angle  at  Kins- 
worth, between  Bow  Brickhill  and  Stanmore,  is  1730  3/  44"; 
from  which,  subtracting  the  angle  between  Bow  Brickhill  and 
Wendover,  we  get  78'  21'  i3",75,  for  the  angle  between  Stan- 
more and  Wendover.  If  these  computed  angles  are  actually 
such  as  might  be  observed,  were  Kinsworth  and  Wendover 
visible  from  each  other,  the  angle  at  Stanmore  between  those 
stations  ought  to  be  37°  41'  39",  nearly :  but  the  observed  angle 
was  370  41'  4i",75 ;  which  is  so  nearly  the  computed  one,  as  to 
leave  little  doubt  of  the  accuracy  of  those  data  from  which  the 
angles  are  derived.  The  distance  from  Wendover  to  Kinsworth 
is  67090,7  feet. 


Wendover 
Kinsworth 


38  2.5  21,25 
-   95  16  30,25 


Wendover   -     63  57  7,75" 

Kinsworth  -  78  2 1  13,75  I  which,  corrected  for  calcula- 
Stanmore  -   -  37  41  41,75  f   tion,  becomes, 


180    o  3,25 
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.  be  d-*  *  ^ 
•a  be     41  J»  '     .  JLarnra? 


on  the  former.    To  determine  the  distance,  the  angles  at  tne 
two  stations  were  taken  very  accurately;  they  were  as  follows, 
Stanmore   -     4a  11  si, 5 

Bushy  Heath  135  35  4°»5        .   .        a     .  .  r  A 
Kinsworth,       .     .     •     which  gives  5483,3  feet  for  the 

required  distance. 
To  determine  the  distance  of  the  station  on  Pen  Church  Tower, 
we  have  two  angles  in  the  foUowing  triangle,  vix. 

Wendover    -  381318     "1  which,  corrected  for  calcula- 
Stanmore   -     «3  44  48     [    tion,  becomes, 
Pen  Tower  -  118    1  54  J 

Wendover   -    38  13  18,95 

Stanmore    -     »3  44  48>»5      .      .  . 

Pen  Tower  -118    1  54-5    which  triangle  gives 

r  _    ,      ("Wendover  =  49°a7 
the  distance  of  Pen  lrom|Stanmore  =  753.5,4  J™"' 

With  this  distance  of  Stanmore  from  Pen,  found  from  the 
last  triangle,  and  also  that  between  Stanmore  and  Hanger  Hill, 
derived  from  the  triangle,  Bagshot  Heath,  Hanger  Hill,  and 
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sufficiently  correct.  It  will  be  more  convenient  to  show  how 
these  triangles  are  connected  with  those  to  the  eastward,  when 
I  arrive  at  that  part  of  the  work  which  treats  of  the  survey  of 
Essex,  than  at  present.  I  shall,  therefore,  proceed  to  the  fol- 
lowing article,  after  observing,  that  by  the  help  of  Harrow  Spire, 
(the  situation  of  which  has  been  determined  by  General  Roy,) 
and  by  observations  hereafter  to  be  made  with  the  small  instru- 
ment on  Pen  Tower,  less  difficulty  will  occur  in  the  interior 
survey  than  was  at  first  expected. 

» 

art.  xv.  Triangles  formed  by  the  intersections  of  Cburcbes, 
Windmills,  and  other  Objects. 


Tfiingtei. 

Anglei 
observed. 

Disuncei  of  the  Sutinm  from  the 
intersected  Object*. 

Little  Haldon 
Ball's  Obelisk 

Great  Haldon,  secondary  station 

0     ,  • 

*3  54  5° 
132  41  8 

}  Great  Haldon       -  { 

Feet 

18974 

19366 

Great  Haldon  from  Ball's  Obelisk  19366  feet. 


Great  Haldon  - 
Ball's  Obelisk 
Topsbam  Steeple 


68  o  35 
71  32  30 


jTopsham  Steeple 


{ 


28316 
27679 


Little  Haldon  from  rurland  72776  feet. 


Little  Haldon 
Furland  -  - 

Hope's  Nose,  secondary  station 


18  a  2 
18  42  S3 


jHope's  Nose 

♦ 

Bodmin  from  Trevose  81967,6  feet. 


37656 
39028 


Bodmin          -  - 
Trevose  ... 
St.  Minvern  Steeple 

«S  48  43 
21  28  36 

|st.  Minvern  Steeple  ^ 

Hill 

Bodmin 

Trevose  - 

St.  Minvern  Windmill 

"  *i  If 

jst.  Minvern  Windmill  { 

JUS 

Trigonometrical  Survey. 

Trevose  from  Cadon  Barrow  85624,8  feet. 


6ll 


Tii»ngle». 

Angltt 
olnerved. 

Distaocct  of  the  tutiooi  from  the 
jaiertectcd  object*. 

Trevoie  - 
Cadon  Barrow 
St   I <o  Steeple 

0     1  « 

55  38  59 
19  '5  +8 

j  St.  Isey  Steeple      -  | 

29256 
73216 

Trevose           -  . 
Cadon  Barrow 
St.  Merian  Steeple 

58  4'  39 
6  38  22 

J-  St.  Merian  Steeple     -  | 

10894 
80504 

Black  Down  from  St.  Stephen's  62506.7  feet. 

Black  Down 

St.  Srephen's  Down 

Werring  to>t  Steeple 

♦  4°  37 
74  20  H 

|  Werrington  Steepte     -  ^ 

61289 
5301 

Black  Down 
St.  Stephen's 
Boyton  Steeple 

15  18  49 
•°4  S3  9 

|  Boyton  Steeple       -  / 

60807 
19101 

Black  Down 
St.  Stephen's 
St  Stephen's  Steeple 

1    8  22 

30     7  22 

jst.  Stephen's  Steeple  / 

604.4A 

T  T 

2395 

Black  Down 
St.  Stephen's 
Nortb  Petberwin  Steeple 

5  3i  36 
«53  >3  *3 

|  North  Pctherwin  Steeple  | 

77608 
16610 

Carraton  from  Sr.  Stephen's  52994  feet. 

Carraton 
St.  Stephen's 
Stokeclimstund  Steeple 

yo  40  15 

38  21  4 

jstokcclimsland  Steeple  | 

32896 
4°:>97 

Carraton 
St.  Stephen's 
Launceston  Sletple 

6  11  7 
55  3*  >6 

|  Launceston  Steeple  | 

49613 
6483 

Carraton       -  - 
St.  Stephen's  - 
Launceston  Cbapel 

5  58  26 
53    7  35 

|  Launceston  Chapel     ■  i 

494°4 
6427 

Long  Knoll  from  Westbury  581 18,2  feet. 


Lcng  Knoll 
Westbury 
Frame  Steeple 


45  5  o 
34  53  5° 


|  Frame  Steeple 


337»S 
4'793 
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Lansdown  from  Farley  Down  38730,4  feer. 


Triinglw. 

Angle* 
obtcrved. 

Dutaaees  or  the  «uUo«.  from  tl 

ha 

Lansdown 

Farley  Down  - 
Cold  Aston 

Moor  Lyn 

O     1  ' 
56  43  >° 
18   2  3s 

ch  from  Dur 

jCold  Aston         -  { 
don  32688.8  feet. 

Fret. 

«3$63 
24120 

Moor  Lynch 

Dundon       ■  * 

«5  54  S6 
23  11  6 

J  Walton  Windmill      -  { 

20406 
14213 

Moor  Lynch         -  - 
IVestoKtoylond  Steeple 

123    0  11 
19  «•  5$ 

\  Westonzoyland  Steeple  <[ 

17688 
44848 

Moor  Lynch  ... 
Dundon  ... 
Middlezr.y  Steeple 

91    5  56 
25  26  0 

VMiddlezoy  Steeple    -  i 

1 569 1 

36530 

Moor  Lynch     -      -  - 
Dundon  - 
Cbfdzoy  Steeple 

'S3  58  SO 
9  39  «3 

\  Chedzoy  Steeple      -  { 

19454 

29556 

Moor  Lynch 
Dundon       -  - 
Higbbam  WindmiU 

29  20  18 
46  30  22 

iHighham  Windmill  ( 

1&5  is 

Moor  Lynch 
Dundon  - 
Higbbam  Steeple 

36  25  56 
39  S»  $7 

)Highham  Steeple     -  ( 

21567 
1998  a 

Moor  Lynch 

Dundon          -  - 

Bridgewater  Spire 

>47  S7  0 

l6    I C    I A 

VBridgewater  Spire      -  { 

33656 
63768 

Moor  Lynch 

Dundon  • 

Burton  Pyntent  Obelisk 

69  52  39 
63  18  59 

|  Burton  Pynsent  Obelisk  j 

40063 
42101 

Moor  Lynch 

Dundon  • 
Somttion  SUepli 

is  12  41 

»*9  45  57 

j  Somerton  Steeple      -  { 

4079* 

I  ti22r 
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Dundry  from  Lansdown  55248,9  feet. 


Tfiia|1c>. 

Aoglci 

uSici  VC d  - 

Dilttncc*  of  tbe  itatiam  from  the 
inteneeicd  object!. 

Dundry       -          -  - 
Lansdown 

Puck/e  Cburcb  Steeple 

22     7  16 
85  25  O 

|  Puckle  Church  Steeple  | 

Pert. 

S7757 
21819 

Dundry  - 

Lansdown  ... 
IVestleigb  Steeple 

3°  37  i8 
86  18  39 

Jwestleigh  Steeple       -  j 

61842 
3,566 

Dundry  ... 

Lansdown 

Bristol  Cathedral 

51  19  11 

22   23  3 

|  Bristol  Cathedral      •  ^ 

21920 
44935 

Dundry  ... 
Lansdown  ... 
Redd  {ff Steeple 

44  18  9 

21    22  24 

jrledcliff  Steeple       "    '  { 

22096 
42346 

Dundry          -          -  - 
Lansdown  - 
Long  Aston  Steeple 

78    18  19 

14  31  8 

^Long  Aston  Steeple     -  / 

13883 
54168 

Dundry          -          -  - 
Lansdown  - 
CUfden  Windmill 

°7  33  Sl 
13  17  8 

jciifden  Windmill      -  { 

12860 
S'7*S 

Dundry          -  - 

Lansdown 

Blaze  Castle 

75  37  *5 
39    7  3$ 

| Blaze  Castle        -  | 

38391 
5893a 

Dundry  ... 
Lansdown 

Penpole  Park  Gazebo 

89  10  18 
32  52  56 

|  Penpole  Park  Gazebo  / 

3539» 
65180 

Dundry  - 

Lan>down  ... 
St.  George's  Steeple 

32  16  31 
31  49  5* 

J  St.  George's  Steeple    -  j 

3*39> 
3*795 

Dundry  ... 
Lansdown        -  - 
Duke  of  Beaufort's  House,  Stoke 

44  54  5° 
48    5  J 

|  Duke  of  Beaufort'*  House  | 

41 168 
39064 

Dundry  ... 
Linsdov.  n  ... 
Hatfield  Steeple 

$7  «5  3* 
39  '4  57 

jHarfiild  Steeple      -  j 

35'*a 

j  4^773 

MDCCC.  4  K 
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Triingln. 

Angles 

OOKIV«d 

Dit'.mcci  of  ihc  Stitmnj  fiom 
...Hi  nu.i  Oi.jc*<« 

ihc 

Duudry         -  - 
Lansdown         •  - 
Pur  bam  Steeple 

,3  58  8 
no   8  3 

^Durham  Steeple       -  | 

Feet. 
66541 

»»573 

Dundry       -         -  - 
Lansdown  - 
Kltawlt  Steeple 

63  45  11 
59    9  55 

jKnowle  Steeple      •  { 

5651a 
59030 

Dundry  - 
Lansdown  - 
Mangotsfeld  Steeple 

29  42  10 
59  59  41 

jMangotsfield  Steeple     -  { 

37370 

Dundry  - 
Lansdown 

m*Urbo*rn  Steeple 

46  12  31 
66  38  49 

jwinterbourn  Steeple  -  | 

55045 

Mendip  from  Dundry  69196  fect. 

Dundry         -  « 
Mendip  « 

Leigb  Steeple  on  Mendip 

»5    0  54 
104  10  15 

|  Leigh  Steeple  on  Mendip  | 

76847 

*°533 

Dundry  ... 
Mendip  - 
Dundry  Steeple 

90  22  22 
1    10  22 

|  Dundry  Steeple       -  | 

6922 1 

Mendip  from  Long  Knoll  61962,3  fect. 


Long  Knoll 
Mendip 
Doulting  Spirt 


25  42  2  }DouhingSpire 
Farley  Down  from  Weitbury  59849,5  feee. 


{ 


49286 
■45»7 


Westbury 
Farley  Down 
Devizes  Steeple 

81  25  20 
-      44    6  53 

}  Devizes  Steeple        -  { 

5  "97 
72726 

Whitehorse  from  Scutchamfly  51261,9  feet. 

Whitehorse 
Scutchamfly 
Abingdon  Spire 

3*  55  5' 
-    >°4    3  *7 

|  Abingdon  Spire        -  | 

72898 
40852 
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Triin^lei. 

Anglo 

obi  -<ved. 

Duuncei  of  the  Stationi  from  the 
intersected  Object*. 

Whitchorse  - 
Scuichamfly    -  . 
Walling  ford  Steeple 

0*0 
10  39  30 
i$8  52  26 

1    11'     it-           J*       M    4% .            *  1 

>  Walling  ford  Steeple     -  I 

Feet. 
101601 
$218$ 

Whitehorse       -  - 
Sctitchamrly 

Gre,it  Coxwetl  Windmill 

izi  19  10 
21    7  0 

|  Great  Coxw ell  Windmill  | 

3  95 
7»«34 

Whitehorse       -  - 

Scutchamfly 
IJigbwortb  Steeple 

'53  »4  7 

11  21  56 

JHighivorth  Steeple     -  J 

873S5 

Whitehorse  - 
Scurchamrly  - 
Drayton  Steeple 

28   6  9 
99  45  35 

f  Drayton  Steeple        -  i 

61001 

30586 

Whitehorse  . 
Scutchamrty  ... 
Radii-*  Steeple 

34    8  57 
109  33  56 

>  Raclley  Steeple      -  1 

81618 
48624 

Whitehorse  ... 
Scutchamfly  - 
Buckland  Steeple 

75  *5  57 
44  «5  50 

1  Buck  land  Steeple        -  / 
J  I 

41189 

57»5 

Wh  KMMMI 

TT  .  IILCLJVJI  >L               ■               *  — 

Scutchamrty  - 
Witney  Steeple 

0  1    I9  12 

61  34  49 

|  Witney  Steeple      .  / 

57"9 
86007 

Whitehorse       -  - 
Scutchamrty  - 
Hampton  Steeple 

90  S7  4° 
48  27  50 

J  Bjmpton  Steeple     •  ^ 

58991 
78799 

Whiteham  from  Brill  62066,1  feet. 

Whitcham  - 

Brill     -  ... 

1  slip  Steeple 

•9  47  5 
»4  55  4* 

j  I  slip  Steeple     -  | 

28983 

38073 

Whiteham      -  - 
Brill          -  - 
Woodstock  Steeple 

78  47  7 

*5    3  58 

j  Woodstock  Steeple      -  j 

27956 
647*5 

Whiteham  ... 
BriH       -  ... 
Kidlington  Spire 

38  39  *S 
18  59  22 

jKidlington  Spire      •  ^ 

24677 
♦7373 

4K 
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Whitehorsc  from  Brill  146603,:  feet, 


TrUngtei. 

Anglci 

observed. 

DUuitcet  of  the  Station*  from  the 
interacted  Object!. 

Whitehorse       -       -  - 
Brill  - 

Witcbvrood  Forest  Beacon 

46   IO  15 
40  31  9 

Jwitchwood  Forest  Beacon  ^ 

Feet. 

95459 
105936 

Broadway  from  Epwell  8061 1,4  feet. 

Broadway  - 
Epwell  - 
Warwick  Steeple 

46  51  SI 
«S  +8  34 

|  Warwick  Steeple      -  ^ 

•09337 
7999* 

Broadway  - 

Epwell              -       -  - 

St.  Martin's  Spire,  Coventry 

49  43  '9 
100  10  39 

j  St.  Martin's,  Corentry    -  | 

158205 
122627 

Broadway  - 

Epwell      -  - 

Soleybull  Spire 

71  5a  3a 
74  S3  SS 

j  Soleyhull  Spire 

142027 
139806 

Corley  from  Arbury  Hill  1 17463  feet. 

Corley  .... 
Arbury    -  - 
Dun  Cburtb  Windmill 

10  17  47 
18    1  45 

j  Dun  Church  Windmill  { 

70621 
44*49 

Corley  .... 
Arbury 

Gazebo  on  Bardon  Hill,  Leices- 
tershire 

107  11  9 
34  *°  * 

|  Gazebo  on  Bardon  Hill  ^ 

106471 
180344 

Corley  - 

Arbury       -  - 
Markfield  Windmill 

100  41  54 

36  37  26 

j  Markfield  Windmill     -  j 

103373 
170270 

Corley  ... 
Arbury  ... 
Nevnbam  Windmill 

*  45  4' 

101  33  35 

jNewnham  Windmill     -  | 

118771 
S»4S 

Corley  from  Broadway  171570  feet. 

Broadway  - 

Corley       -  - 

Building  on  Breadon  Hill 

96  31  27 
«4  33  9 

|  Building  on  Breadon  Hill  | 

46201 
18268a 

Epwell  • 

Crouch  Hill   -  1 

«  41  39 
55  *8  33 

jAynoe  Steeple      -  { 

60070 
31802 

Epwell       -  - 

Crouch  Hill    -         -        -  i 

11  45  *3 

43  *9  3° 

jAddcrbury  Spire       -  { 

+3»J3 
10265 

Epwcll 

Crouch  Hill                    •  I1 
Faribingo  SUrfi!*  1 

9  33  *9 
61  20  20 

}F»rthingo  Steeple    -  { 

6+S2o 

3>6«J 

Epwell  from  Arbury  Hill  83098,4  feet. 

Epwcll  - 
Arbury  HHI 

»7  3*  1 
8    9  4* 

|  Round  House,  Edge  Hills  [ 

20235 
65816 

Rouml  Hovu.  Zde*  HilU 

Epwcll  ... 
Arbury  Hul  - 

50   9  8 
•7  >5  6 

jst.  Martin's.  Coventry  -[ 

122636 
y4J6l 

5/.  hfar  tin's.  Covtntry 

Epwcll  . 
Arbury  Hill 

Ac,. :'  House  Windmill.  Edge 
H,lls 

28  31  46 
7  34  » 

j  Rou  nd  House  Windmill  { 

1S576 
67364 

Die 

Brill  from  Quainton  40908,6  feet. 
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Anjle* 

obiervcd. 

Dutaocci  of  tbe  iuiicwu  from  ihe 
inierucied  Object*. 

Brill  - 
Qjiainton  - 
Luggersal  Steeple 

o      >  • 

■  6  4  2  ' 2 
4  H  •<> 

>  I.iipp  tsjI  Stetnle        ■  < 

Fret 
87IO 
3*664 

Brill       -  - 
Qiiainton          -  - 
Granborougb  Steeple 

8  30  43 
144  20  12 

|  Granborough  Steeple    -  | 

52266 
13270 

Brill       -  ... 
Quainton        -       .       -  - 
Bicester  Steeple 

105    7  3° 
31  10  $3 

J  Bicester  Steeple  - 

32132 
582IO 

Brill  - 

Quiinton  - 

Centre  of  tbe  Great  Home  at 
Wooton 

Slow  f 

1 

17   17  12 

9  *8  57 
roin  Broadwa 

|  House  at  Wooton  - 
y  etn>3.»  feet. 

•4793 
27181 

■ft* 

Stow      -  ... 
Broadway       •  - 
Sarsdrn  Cbapel 

123  23  50 
19  25  13 

|  Sarsdcn  Chapel       -  j 

28720 
72115 

Stow  - 

Broadway  ... 
Watford  Spire 

56  10  42 
49  34  47 

|  Walford  Spire         -  | 

4.120; 
45063 

Stow  ... 

Broadway 

Bourton  Cbapel 

Stow 

"4    3  44 

21  3*  40 

from  Epwell 

|  Bourton  Chapel         -  | 
78938,2  feet. 

32926 
21786 

• 

Stow         -  ... 
Epwell    -      -          -  - 
Slow  oh  tbe  Wold  Steeple 

Wend* 

60  30  20 
6  37  9 

jver  from  Br 

|  Stow  on  the  Wold        -  j 
ill  92400,7  feet. 

9876 

74S7J 

Brill 

PiUbcot  Windmill 

43  3°  « 
4°  37  4 

|  Pitchcot  Windmill   -  { 

53739 
50901 

i;  J7  •»  ]tlm**** 
9it  ff.i 


1+  ,44  W 


feet 


ritlHury  Mie'le  (inunmii) 

Brill  ... 
Wcndorer  - 
Quainton  Sletple 

Wendovci 

1 

46  40  51 
31    1  48 

from  Quain 

|  Quainton  Steeple           -  { 
too  7*889.4  feet. 

39COO 
55056 

Wendavei  ... 
Quainton    -  - 
Strtftte 

34  46  37 
45    9  *° 

|  Wing  Steeple         -  j 

JM97 
41130 

Wtndovcr       -  - 
Qua  intern    .  - 
Crmdou  Windmill 

Quainton  f 

44  J« 
61    9  59 

om  Bow  Bri 

jcrindon  Windmill       -  { 
ckhill  67400,6  feet. 

Qiuinton 

BowBriclhill       -          -  ■ 
Southern  OM-sk.Sttnr  Pjrk.Buch 

75  'S  34 
47  '9  • 

J  Southern  Obeliik        -  { 

58876 
77149 

Qnainton 

B<n»  Bri.  khill  - 

Nortbtrn  Ob<Iiti.  Slow  Park 

75    4  46 
49  '3  49 

|  Northern  Obelisk       -  { 

61881 

7»y4* 

Wcidovcr  from  Kiniworth  84461  fcrt. 


Ki..s.vorth 


69  5f  5J  |\ui 


Lcichton 
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D         Ik  *  _  L  1.111  £»M  T  7  .111 ..  A  r  

oow  nncKniii  rrom  Liaiingion  32035,0  rcrr. 


Trianglei. 

Angles 

cjbier  vcd. 

Diitanccs  of  the  Station*  from  Uie 
iotaiccted  Object*. 

Bow  Brickhill 
Lidlington    -  - 

4*c/ritv  VrWIn  •HVIrC 

s      1  , 

57  43  *> 

65  40  39 

|  North  Crawley  Spire     -  / 

Ten. 
34968 
3*444 

Bon  Brickhill       -       -  - 
L.dLihgton    -  - 

x  a    *  nUilul  ij ptim 

4S    «  47 
112  13  11 

|  Pavenham  Spire      -  j 

77064 
59014 

Bow  Brickhill  ... 
Lidlington     -  • 
A7  Paul's  Sbire  Bedford 

*4  '5  2$ 
137  19  21 

} St.  Paul't,  Bedford  .  { 

68727 
41652 

Bow  Brickhill 

Lidlington  ... 
ctuurnorooK  opirc 

48    a  42 
111    8  1  $ 

jsharnbrook  Spire      -  | 

84080 
67038 

Bow  Brickhill 

Lidlington  ... 

H'ahurn  Market  Unute 

S«  4*  47 

19  39  2C 

J  Woburn  Market  House  j 

12656 
*3533 

Bow  Brickhill  ... 
Lidlington  ... 
Rtdgtmont  Station 

10    6  1 

|  Ridgemont  Station      -  | 

21484 

I  OoO*| 

Bow  Brickhill  ... 
Lidlington  ... 
Wootten  Spirt 

2 j  51  29 
116  31  1$ 

|wootton  Spire    -  / 

46959 

2  2009 

Bow  Brickhill 

Lidlington  ... 
Cranfieli  Spir* 

36  40  14 
64  51  26 

|  Cranfield  Spire        -  / 

29599 
19526 

Lillyhoe 

from  Lidlington  49026,1  feet. 

Lillyhoe      -  - 
Lidlington  .... 

3    2  16 

J  Pollux  Hill  Spire       -  / 

24604 
24489 

Lillyhoe 

Lidlington  ... 
flow  Brickbili  Steeple 

*3  «3  *3 
119  15  n 

joW  Brickhill  Steeple  { 

70224 
3«73» 

Lillyhoe  ... 
Lidlingion  - 
Colmwortb  Spire 

49  54  3 
100  30  33 

jColmworth  Spire     -  j 

|  97617 
7S944 

Digitized  by  Google 


1  »•*«•«*•* 


LiUyhoe 
Lidlington 

SbiUingtan  Stltptt  

$7  56  38 
«?  37  7 

|  ShtUington  Steeple 

16857 
4*549 

LiUyhoe 
Lidlington 
Wtttaning  Sleeple 

•4  iS  1+ 
14  29  56 

1  Westoning  Steeple      -  | 

312+2 
■9;86 

LiUyhoe 
Lidlington  - 

*3  40  47 
19  18  12 

}  Wre*  Garden  Obeli*  { 

LiUyhoe  - 

Lidlington 

St.  Neoft  Stttple 

63  39  »• 
88  31  51 

J  St.  Neofs  Steeple       -  { 

• 

105026 
94'47 

Klnsworth  from  Lidlington  61255.3  feet. 


Kini  worth  * 

Lidlington 

Harlmglvn  Slttptt 

17  4  *<> 
23  39  1 

J  Harlington  Steeple      -  { 

37666 
»75«S 

KLinsworth  - 
Lidlington 
MiuUen  Stttplt 

17  12  11 

87    3  »3 

J  Maulden  Steeple      -  { 

63165 
18882 

Kinrworth  - 

1  HK^.i.. 

3  S3  »4 
'i  id  Q 

|  MiUbrook  Steeple      -  | 

Si?. 
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Kinsworth  from  Bow  Brickhill  57668  feet. 


Triangles. 

AnK!e, 
ubteivcd. 

Dimiiee.  of  thr  Si»tion»  from 
mtcucctcd  Objecti. 

the 

Bow  Brickhill 
Kinsworth  - 
Souldrope  Spire 

0  « 

151  3J  10 

3°  '7  44 

)  Souldrope  Spire       -  { 

Feet. 

Bow  Brickliill 

Kinsworth  • 
Sauldon  Windmill 

91  22  55 
28  24  55 

jSauldon  Windmill    -  j 

31623 

""434 

Bow  Brickhill 
Kinsworth  - 
SltwUn  Windmill 

70   9  33 
33  *7  4 

\stewkky  Windmill     -  -[ 
J  L 

32706 

Bow  Brickhill 

Kinsworth      -  • 
Tbarfiehl  Windmill 

61  57  57 
93  3°  »3 

)Tharfiad  Windmill     -  ( 

»39»57 

Bow  Brickhill 
Kinsworth  - 
Tottenboe  Station 

4  «3  44 
»4  47  *7 

jTottcnhoe  Station    -  / 

43>77 

1  :oin 
1  ju^y 

Bow  Brickhill 
Kinsworth  - 
Cbulfrr.ive  Steeple 

21  5s  14 
43  *«  54 

jchalgravc  Steeple    -  j 

4359° 

23699 

Bow  Brickhill 
Kinsworth  - 
Lidlington  Windmill 

«S  34  3 
27  *3  29 

It  iillin- m  i  Wi  (imill     -  / 

28814 
62442 

■ 

Bow  Brickhill 
Kinsworth  • 
Keysoe  Spire 

i*m\  nor 

116  4^  10 
42    6  4 

irom  1  1  usic 

^■Kevsoe  Snire       -  i 
r  Hill  C0671  6  feet. 

IC7275 
142850 

Lillvhoe 
Tru'sler  Hill 

Knotting  f'reen  Elm  Tree 

51  56  21 
103  29  55 

J  Knotting  Green  Elm  Tree  j 

1 185  36 
95981 

LHtyhoe  - 
Trusler  Hill 
Wo*  Windmill 

36  45  37 
27    4  ' 

|  Sundon  Windmill    -  j 

25692 
33790 

Digitized  by  Google 
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Bow  Brickhill  from  Trusler  Hill  20138,7  feet. 

Tiiauglo. 

Angles 
obtervtd. 

Diiuncci  of  the  stations  from  the 
intcrttcled  object). 

Bow  Brickhill 
TnnkrHill  - 
Crawley  SteepL- 

0     1  « 

2S  »3  5+ 
50  16  22 

j  Crawley  Steeple       -  j 

1599R 
8867 

Bow  Brickhill 

Trusler  Hill    -                 .  - 
Moulsboe  Steeple 

93  18  '5 
49  »7  46 

|  Moulshoc  Steeple       -  ^ 

25136 
33101 

Bow  Brickhill 
Trader  Hill 
Woburn  Steeple 

13  27  17 
19  46  14 

jwobtirn  Steeple     -  | 

12432 

8552 

Bow  Brickhill  from  Lillyhoc  69867  feet. 

Bow  Brickhill 
Lillyhoe  - 
Rcnbold  St tt  bit 

60  S7  «7 
68  43  59 

jRenhold  Steeple      -  { 

84608 
79373 

Bow  BrickMll 

Lillyhoc 

Jiavensden  Steeple 

64  55  3* 
66  41  24 

jRavcnsdcn  Steeple  - 

858*5 
84646 

Kinsworth  from  Lillyhoc  47178,7  feet. 

Kinsworth                   -  - 
Lillyhoe  - 
Flitviick  Steeple 

43  44  4s 

7«  53  53 

jFtitwick  Steeple      -  | 

49*49 

30264 
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SECTION  SECOND. 

Determination  of  the  Latitudes  and  Lo?igitudes  of  the  Stations  on 
Black  Down,  in  Dorsetshire,  Butterton,  in  Dei'onsbire,  and  St. 
Agnes  Beacon,  in  Cornwall. 


Art.  xvi. — Calculation  of  the  Distance  between  Black  Down  and 
Dunnose  in  the  Isle  of  Wight. 

To  complete  this  distance,  I  shall  have  recourse  to  the  xxvith 
and  xxvnth  triangles,  published  in  the  Philosophical  Transac- 
tions of  1795,  and  Lind  and  Livth  of  the  Trans,  for  1797, 
together  with  the  observations  made  at  Black  Down,  in  the 
latter  year.  (See  also  PI.  XXX.  Fig.  1.). 

The  most  eligible  method  of  calculating  with  these  data, 
seems  to  be  that  of  first  finding  the  cross-distance  between 
Black  Down  and  Dean  Hill.  To  do  this,  we  have  the  angle  at 
Nine  Barrow  Down,  between  Black  Down  and  Dean  Hill,  and 
the  respective  distances  from  the  first  to  the  latter  stations, 
together  with  the  newly  observed  angle  between  Dunnose  and 
Nine  Barrow  Down ;  from  which  we  obtain  the  angles  of  a  tri- 
angle, constituted  by  Dunnose,  Nine  Barrow  Down,  and  Black 
Down. 

The  distance  from  Nine  Barrow  Down  to  Dean  Hill  is 
166497  feet,  and,  from  the  same  station  to  Black  Down,  the  dis- 
tance is  126782  feet,  (see  Phil.  Trans,  for  1795,  p.  502,  and  for 
1797,  p.  455,)  and  the  angle  comprehended  by  those  distances 
=  11  o°  30'  13"  ,25.  The  difference  between  the  horizontal  angle 
and  that  formed  by  the  chords  is  3",25,  which,  substracted  from 
1100  30'  13" ,25,  leaves  1100  30'  10":  computing  with  this 


Itonw  i*  the 

„  distance,  I  shall  haver***^ 

,,,lt0f  WlW!'  ^ 
.,,  Dean  Hill  To***"  p 


and  Dean  HilL 

The  angle  at  Dean  Hill,  between  Nine  Barrow  Down  and 
Dunnose,  is  64' 50' 19",  (see  Phil  Trans,  for  1795.  P-50».)  8,1(1 
the  angle  between  Black  Down  and  Nine  Barrow,  as  just  found, 
is  39*  sa'  55",75,  which,  increased  by  the  proper  correction  for 
the  difference  between  the  chord  and  horizontal  angles,  becomes 
»9°  **'  57", 5  The  sum  of  these  angles  ,94."  1 3'  i6",$.  is  the  hori- 
zontal angle  between  Black  Down  and  Dunnosc. 

The  angle  at  Black  Down,  between  Dunnose  and  Nine  Bar- 
row Down,  deduced  from  observations  made  in  1797,  is  found 
to  be  30'  «5",75 :  this,  subtracted  from  the  angle  between 
Dean  Hill  and  Dunnose,  leaves  35*  8^  *£>">  for  the  an8le  at 
Black  Down;  which,  corrected  for  the  purpose  of  reduction 
to  their  respective  chord  angles,  become  9+'  '3'  and  85 

36'  15"  75,  from  whence  we  get  the  angle  at  Dunnosc  =  50 
10'  2*"',75.  We  have,  therefore,  the  following  triangle,  viz. 
Dean  Hill      -     -      -   94*  *3' 
Black  Down      -      -      35  Sb  25-75 


t-n   in   Q<?  IK 
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give  314309,6,  and  314305,4,  feet,  respectively,  for  the  distance 
between  Black  Down  and  Dunnose :  wherefore,  the  mean 
314307,5  feet,  =  59,528  miles,  may  be  considered  as  the  true 
distance  between  those  stations. 

Direction  of  the  Meridian  at  Black  Down. 

On  the  18th  of  April,  in  the  forenoon,  the 
angle  between  the  Pole  Star,  when  at  its 
greatest  apparent  elongation  from  the  meri- 
dian, was  observed,  and  found  to  be      -        1040  19/  19",95 

And  on  the  19th,  in  the  afternoon  -     98  43  47 

Half  their  sum  is  the  angle  between  the 
meridian  and  Abbotsbury  staff      -  -     101  31  3 

On  the  20th  of  April,  in  the  forenoon,  the 
angle  between  the  Pole  Star,  when  at  its 
greatest  apparent  elongation  from  the  meri- 
dian, was  observed,  and  found  to  be       -  104  19  125,25 

And  on  the  19th,  in  the  afternoon  -       98  42  35,5 

Half  their  sum  is  the  angle  between  the 
meridian  and  Abbotsbury  staff        -       -        101  31  0,5 

Therefore,  101*  31'  2"  may  be  taken  for  the  angle  between 
the  meridian  and  Abbotsbury  staff. 

Art.  xvii. — Latitude  and  Longitude  of  Black  Down. 

The  angle  between  Dunnose  and  the  Abbotsbury  Staff  was 
observed,  and  found  =  1640  26'  35"25 ;  and  the  angle  between 
the  meridian  and  the  same  staff,  by  double  azimuths  of  the 
Pole  Star,  ioi°3i'  2".  Wherefore  their  sum,  subtracted  from 
360°,  leaves  ,94°  2'  22",75,  the  angle  which  Dunnose  makes 
with  the 


>«  or  w   

Apnl,  in  the  forenoon,  the 
he  Pole  Star,  ■*»  at  f 
t  elongation  from  the  men-  _ 
u*  and  found  to  be  - 
:h, «  the  afternoon      ^  * 
i»  the  angle  between  ^  ^ 

tsburv  staff  • 
lApnl,inth<^n^ 
„vPpoW  Star,  «J 
.  e'.oncauon  fronHhe  ^ 

i  and  fou^ wbe     *  #  ^ 

^bur>-^ff      "   for  the 
.  Abbotsbur>-  ' 


Dunnose. 

In  the  spherical  triangle  BZD,  the  angles  at  B  and  D  are 
given,  the  first  being  940  a'  aa",75,  and  the  second  840  54'  53"; 
therefore,  in  the  triangle  ABD  the  angle  at  B  is  850  57'  36",75, 
and,  in  the  triangle  BDC,  the  angle  at  D  =  84*  54'  53"  :  hence, 
the  angles  of  these  triangles,  when  reduced  to  those  formed  by 
the  chords,  are  as  follows  : 

rDDC  =  84°54'  52,5" 
In  the  triangle  BDC  \  CDB  =  gi    a  44,75 
lCBD=  4   2  22,75 

r  ABD  =  85  57  36,75 
And  in  the  triangle  ABD]  BAD  =  88  57  16,25 

lBDA=  5  5  7 
Now  the  distance  between  Black  Down  and  Dunnose,  BD, 
has  been  already  found  to  be  3»43°7.5  &et;  therefore,  using 
the  a!  a  e  angles  with  that  distance,  (after  the  proper  corrections 
are  applied  for  reducing  the  horizontal  angles  to  those  formed 
by  the  chords,)  we  get, 

In  the  triangle  BCD  { J£  =%  Jft*. 


038 
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first  being  910  2'  45", 75,  and  the  last  88*57'  *5"s  which  angles, 
however,  are  augmented  by  the  addition  of  the  differences  be- 
tween the  horizontal  angles  and  those  formed  by  the  chords, 
We  have  therefore, 


Therefore  FD  =  DC  +  CF  =  22146,9  -f  2859,1  =  25006 
feet.  And  BE  =  BA  =  EA  =  27864,5  —  2859,8  =  25004,7 
feet.  The  mean,  25005,3  feet,  may  be  considered  as  very  nearly 
the  true  distance  between  the  parallels  of  Black  Down  and 
Dunnose.  This  method  is  the  same  as  that  made  use  of  in  the 
Phil.  Trans,  for  1795,  p.  521,  and  affords  the  means  of  very 
accurately  determining  the  distance  between  the  parallels  of 
latitude  of  the  two  stations,  when  the  angles  were  observed  with 
precision,  and  the  direction  in  which  the  stations  lie,  is  not 
much  removed  from  east  and  west. 

This  small  space,  25004,7  feet,  corresponds  to  4'  6",5,  in 
which  I  use  60851  fathoms  for  the  length  of  a  degree  of  the 
meridian  in  50"  41'.  See  Phil.  Trans,  for  1795,  p.  537. 

Now  the  latitude  of  Dunnose  is  50°  37'  7",3,  and  its  longitude 
1*  11' 36";  (Phil. Trans,  for  1795,  p.  536 ;)  therefore, 50° 37  '7  "3 
-f  4'  6",5  =  50°  41'  i3",8,  is  the  latitude  of  Black  Down. 

This  method  of  finding  the  latitude  seems  to  be  more  correct 
than  by  spherical  computation;  yet,  by  this  latter,  nearly  the 


fBCF  =  9i°  2'  45,75' 
In  the  triangle  BCF  I  BFC  =  88  25  51,5 


lFBC=  o  31  22,75 
f  EAD  =  88  57  17 


And  in  the  triangle  AED  j  AED  =90  31  21,5 

lADE=  o  31  21,5 


And,  using  BC  and  AD,  as  found  above,  we  get 


yi-t  =  oo  >j  j"» 
lFBC=  0  31  M'"5 

ing        1aDE=  o  3l  81,3 

CF  =  «W]fect 
And  EA  =  0-859-  >  XiSfci5^ 

w!u"°'  ".hi***"* 
,\»  fit***"* 


UlC  lUIlgHUUC   TlftiJ».  *^  «... .    ,j 

yet  ingenious  method  recommended  by  M.  Sejour,  in  his 
Traiti  Analytique  des  Mouvemens  apparent  des  Corps  Celesta,  the 
latitude  of  Black  Down  comes  out  5o*  41'  *S">9>  and  the  lonS* 
tude  1'  so'  45",75.  We  may,  therefore,  admitting  the  supposi- 
tion of  Dunnose  being  situated  in  50-  3/  7">3.  toke  *°' 
41'  i3",8  for  the  latitude,  and  »"  Sa»  s»",4  f«  *e  longitude,  of 
Black  Down;  that  of  Dunnose  being  i*  ai*  3^  west  of  1,18 
meridian  of  Greenwich. 

Art.  xvin.  CW«fr**  of  the  Distance  between  tbe  Stations  on 
Black  Down,  in  Dorsetshire,  and  Rippin  Tor,  in  Devonshire. 
For  the  calculation  of  this  distance,  we  must  have  recourse 
to  the  XLvnth,  xLvnith,  xuxth,  and  uh  triangles.  (See  Phi- 
losophical Transactions  for  1797,  and  Plate  XXX,  F.g.  1  of  this 
Volume.)  Inthetwofirst,wehavethewholeangleat  Pilsden,  be- 
tween Dumpdon  and  Black  Down  =  IB*  37*  •f.V- wh,ch;  re" 
duc^totheanglefonnedbyt^s^ 

The  sides  forming  this  angle,  are  Dumpdon  ana  ru  • 

.         ^  .  *u«  Stance,  between  the  two  first  stations 
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Pilsden    -      -    1520  $f  «4",25 

Black  Down    -      13  37  50  ,5 

Dumpdon  -  -  13  44  45  »*5 
But  this  side  may  be  also  found,  by  computing  with  the  whole 
angle  at  Charton  Common,  which  angle,  when  reduced  to  the 
plane  of  the  chords,  becomes  1410  33'  53", 75.  The  two  sides 
are  581012,5  feet,  and  103345  feet;  which  data  give  the  fol- 
lowing triangle : 

Charton   -      -  i4i°33'5S">5 

Dumpdon      -      24  48  39  ,25 

Black  Down  -  13  37  27  ,25;  from  whence  we 
find  the  distance  from  Dumpdon  to  Black  Down  =  153094.6 
feet.  Wherefore,  the  mean,  153095,2  feet,  maybe  considered 
to  be  very  nearly  the  true  distance. 

In  the  Lth  triangle,  (Cawsand  Beacon,  Dumpdon,  and  Little 
Haldon)  the  angle  at  Cawsand  Beacon  is  430  14'  2i",25;  and 
m  the  List,  (Rippin  Tor,  Cawsand  Beacon,  and  Little  Haldon) 
the  angle  at  the  same  station  is  250  30'  39", 75 ;  their  sum  is  68' 
45'  1",  and,  adding  1''  for  the  necessary  correction,  it  becomes 
68°  45'  2".  Computing  with  this  angle,  and  the  including  sides, 
(64020,5  and  18334  feet»)  we  obtain  the  following  triangle  : 

Rippin  Tor   -       -    90'  34'  35" 

Cawsand  Beacon     -    68  45  9 

Dumpdon  -  -  20  40  23,  which  gives  the 
distance  from  Dumpdon  to  Cawsand  Beacon  =  169014  feet 

In  the  xLixth  triangle,  the  observed  angle  at  Dumpdon  is 
found  to  be  86*  39'  8"5,  and,  by  adding  to  it  the  horizontal 
angle  at  Dumpdon,  between  Rippin  Tor  and  Little  Haldon, 
and  also  tliat  between  Black  Down  and  Charton  Common,  we 
get  1250  54'  3o",5,  for  the  horizontal  angle  between  Rippin 


t,  and  i* 


■  .  ■  ■ 

"„,!o  (Ca^sand  Beacon 
•     r   tnnd  Bacon  is  43  Hs  * 

Tor  *      -  68  45  8 

*****  .  »*»*L* 


Dumpdon         -  o* 
Black  Down       -      «8  s9  31,  which  gives  the 
distance  from  Rippin  Tor  to  Black  Down  =  386973,3  feet 

On  referring  to  the  observations  made  in  1797.  on  Black 
Down,  it  will  be  seen  that  the  angle  between  Rippin  Tor  and 
the  staff  erected  near  Abbotsbury,  was  30  8'  5«"»5.  a"d  the 
angle  between  Pilsden  and  the  same  staff  4,5'  16'  13" ;  their 
difference,  4?  7'  *<»>,5,  '*  the  angle  between  Rippin  Tor  and 
Pilsden.  Now,  if  the  angles  of  the  triangles,  five  in  number  used 
in  finding  the  distance  between  Rippin  Tor  and  Black  Down 
have  been  observed  correctly,  and  the  calculations  properly 
made,  the  computed  angle  at  Blackdown,  between  thosesU- 
tions,  should  be,  of  course,  the  same;  but  the  angle  formed  by 
the  chords  of  the  arcs  between  Blackdown  and  Pilsden  and 
Dumpdon,  has  been  found  =  13°  37'  5°">5,  vcr* 
nearly  the  same  as  the  horizontal  one,)  and  the  angle  between 
Dumpdon  and  Rippin  Tor  =  ,8-  *****  is 

necessary  to  correct:  their  sum  ^/^^J^^  ^ 
observed.   It  is  not,  perhaps,  proper  to  dismiss  this 

%  tKW  atTrppmcnt  anorcis  a  strong 
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Art.  xix.  Latitude  and  Longitude  of  Rippin  Tor. 

The  angle  at  Blackdown,  between  the  staff  at  Abbotsbury  and 
the  meridian,  has  been  found  =  ioi°  31'  i",5,  nearly,  and  that 
between  Rippin  Tor  and  the  same  staff  m  30  8'  5«",5 ;  there- 
fore, 980  22'  8"  is  the  angle  which  Rippin  Tor  makes  with  the 
meridian,  and  this,  taken  from  1800,  leaves  Si"  37'  52",  the 
bearing  of  Rippin  Tor  S  W  from  Black  Down. 

This  angle,  with  the  distance  found  above,  gives  28585,3  feet, 
for  the  distance  of  Rippin  Tor  from  the  meridian  of  Black  Down, 
and  56086,0  feet,  for  that  from  its  perpendicular ;  therefore,  the 
latitude  is  500  33'  59",  1,  and  the  longitude  west  from  Black 
Down,  i°  13'  3",8 ;  consequently,  its  longitude  west  of  Green- 
wich is  3*  45'  «6"s. 

Direction  of  the  Meridian  at  Butterton  Hill. 

On  the  6th  of  May,  in  the  afternoon,  the  angle 
between  the  Pole  Star,  when  at  its  greatest  ap- 
parent elongation  from  the  meridian,  and  the  staff 
on  Hemmerdon  Ball  was  observed,  and  found 
to  be  -         -         -         -      91*29'  13"75 

And  on  the  7th,  in  the  afternoon       -      -    97    4  14 

Half  their  sum  is  the  angle  between  the  meri- 
dian and  the  staff  on  Hemmerdon  Ball       -      94  16  44 

Again,  on  the  7th,  in  the  afternoon,  the  angle 
between  the  Pole  Star,  when  at  its  greatest  appa- 
rent elongation  from  the  meridian,  and  the  staff 
on  Hemmerdon  Ball  was  observed,  and  found 
to  be      -         -         -         -         -       91  99  13 

Half  the  sum  of  this,  and  the  angle  observed 


,f  Rippin  Tor  from  the  men^ 

tic**.***"*??* 
-       -       *  .**«' 


44"  =s  97^  o'  23  ,75,  is  tnc  Deanng  ot  Kippin  ior,  north-east  ot 
Butterton.  This  angle,  with  69951  feet,  gives  98585,8  feet,  and 
56086,6  feet,  for  the  distance  of  Rippin  Tor  from  the  meridian 
and  perpendicular ;  which,  using  61189  and  6084,7  fathoms,  for 
the  lengths  of  degrees  on  the  meridian  and  perpendicular,  re- 
spectively become  4'  40" ,3,  and  9'  13".  Therefore,  in  the  right 
angled  spherical  triangle  BPT,  (Plate  XXX,  Fig.  9,)  in  which  B 
is  Butterton,  P  the  pole,  T  Rippin  Tor,  and  R  the  point  where 
the  parallel  to  the  perpendicular  cuts  the  meridian,  we  have  tlie 
co-latitude  of  T,  or  Rippin  Tor,  =  33°  96'  C',9,  and  RT  =  4' 
4o",3,  We  have,  consequently,  cosine  4'  4o",3  :  radius  : :  cosine 
390  26'  o,"9  :  cosine  39°  26'  o,"7,  the  co-latitude  of  die  point 
R.  So  PB  =  PR  +  RT  mm  39-  96'  o",7  +  9'  13"  am  39'  35' 
13",7 ;  therefore,  the  latitude  of  Butterton  is  50*  94'  46",3,  and 
its  longitude  west  from  Greenwich,  30  59'  47"^. 

Art.  xx.  Calculation  of  the  Distance  between  Hensbarrow  and 

Butterton. 

The  most  convenient,  as  well  as  the  most  accurate  means  of 
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The  distance  from  Hensbarrow  to  Carraton  Hill,  is  100416 

feet,  and  from  Butterton  to  that  station  131576  feet.  (See  Phil. 

Trans,  for  1797,  p.  458,  460.)  These  data  give  the  following 

triangle,  viz. 

Carraton  Hill       -    -    136°  5a' 39" 

Hensbarrow    -        -      24  35  57-5 

Butterton    -         -       18  31  23,5,  which  gives 

21608  feet,  for  the  distance  between  Hensbarrow  and  Butterton 

Hill. 

The  angle  between  Carraton  Hill  and  Rippin  Tor  was  ob- 
served in  1796,  and  found  =  1010  3'  44",25.  (See  Phil.  Trans. 
1797.)  The  angle  between  Hensbarrow  and  Rippin  Tor  is 
11 9°  35'  3">25 !  therefore,  180  31'  19"  is  the  angle  between 
Hensbarrow  and  Carraton.  The  difference  between  the  hori- 
zontal and  chord  angle  is  o",25  nearly;  this,  added  to  180 
31'  23"»5»  gives  18°  31'  23", 75,  which  is  nearly  the  same  as  the 
observed  angle.  This  agreement  proves,  that  the  angles  of  the 
triangles  connecting  Butterton  and  Hensbarrow  have  been  ob- 
served correctly. 

art.  xxi.    Latitude  and  Longitude  of  Hensbarrow. 

The  angle 'between  Hensbarrow  and  Hemmerdon,  (see  Ob- 
servations made  at  Butterton,)  was  i°  52'  4",5 ;  therefore,  as  the 
angle  between  the  latter  and  the  meridian  =  940  16'  44",  we  get 
920  24'  39",5,  for  the  angle  which  Hensbarrow  makes  with  the 
same  meridian.  The  distance  from  Hensbarrow  to  Butterton, 
as  found  above,  is  2 1602  feet ;  this,  with  the  angle  920  24'  39"»5, 
gives  the  distance  of  Hensbarrow  from  the  meridian  =  21587* 
feet,  and  from  the  perpendicular  9089  feet ;  these,  converted 
into  parts  of  degrees,  become  35'  17",!,  and  1'  29",6a.  There- 
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degrees.  From  these  data,  the  latitude  of  the  point  B  is  easily 
derived;  for  cosine  15'  io",o, :  radius  ::  cosine  39"  36'  56", 7: 
cosine  390  36'  54",2,  the  co-latitude  of  B ;  hence  390  36'  54",2 
4.  4'  38",8  =  390  41'  33",o  the  co-latitude  of  A ;  hence  500  18' 
27"  is  the  latitude  of  St.  Agnes.  Its  longitude,  west  from 
Hensbarrovv,  is  also  found  by  a  simple  proportion ;  sine  390  36' 
54",a  :  radius  :  :  sine  15'  io",9:  sine  o*  23'  48";  therefore, 

4*  48'  7".7  +  °°  *3'  48"  =  5°  W  55">7»  is  the  longitude  of 
St.  Agnes,  west  of  Greenwich. 

ART.  xxiv. — Remarks. 

I  have  shewn,  with  attention  to  minuteness,  the  manner  in 
which  the  latitudes  and  longitudes  of  the  stations  on  which 
directions  of  meridians  have  been  observed  are  determined.  It 
now  remains  to  be  considered,  how  far  the  uncertain  state 
in  which  we  remain,  with  respect  to  the  figure  of  the  earth,  may 
affect  the  accuracy  of  those  conclusions. 

If"  the  earth  were  homogeneous,  it  would  necessarily  be  an 
ellipsoid;  and,  were  its  diameters  known,  the  longitudes  and 
latitudes  of  places  on  its  surface  might  be  accurately  computed, 
provided  their  geodetical  situations  were  correctly  ascertained, 
and  the  latitude  of  one  station  in  the  series  of  triangles  truly 
determined. 

As  there  is,  however,  great  reason  to  suppose  that  the  earth 
is  not  any  regular  geometrical  figure,  from  the  impossibility  of 
reconciling  the  results  of  the  various  measurements  for  ascer- 
taining the  lengths  of  degrees  of  latitude,  some  uncertainty  must 
remain  with  respect  to  our  deductions ;  but  there  seems  to  be 
reasons  for  supposing  the  errors,  thence  resulting,  are  confined 
within  moderaie  limits. 
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making  it  60851,  in  order  to  get  the  length  of  the  degree  in 
500  41';  (see  Phil.  Trans.  1795,  p.  537  0  these  9  fathoms, 
however,  were  not  arbitrarily  assumed,  but  computed.  If  the 
latitude  of  Paris  be  480  50'  15",  {Conn,  des  Terns,  1797-98, 
p.  373,)  the  length  of  the  degree  will  be  about  7  fathoms 
greater,  which  will  make  the  degree  in  50°  41',  60849  instead 
of  60842  fathoms. 

The  latitude  of  the  station  on  Beachy  Head,  500  44'  ss",7, 
was  found  by  using  60861  fathoms  for  the  length  of  a  degree 
on  the  meridian  in  51°  6';  but,  if  it  be  true  that  48°  50'  15"  is 
the  latitude  of  Paris,  the  latitude  of  Beachy  Head  will  be  about 
one-third  of  a  second  greater.  This  seems  to  be  the  limit  of  the 
probable  error  in  the  computed  latitude  of  this  station  ;  since  its 
proximity  to  the  meridian  of  Greenwich,  obviates  any  doubt  of 
the  conclusions  being  affected  by  any  uncertainty  respecting  the 
length  of  the  degree  of  the  great  circle  perpendicular  to  the 
meridian. 

The  latitude  of  Dunnose  was  determined  by  computing  the 
distance  between  the  parallels  of  that  station  and  Beachy  Head  ; 
(see  Phil.  Trans,  for  1 795,  p.  523 ; )  which  method  is  very  exact, 
and  preferable  to  any  other,  since  the  small  space  between  the 
parallels  was  determined  with  great  accuracy,  leaving  not  a 
doubt  of  a  greater  error  than  3  feet,  a  quantity  corresponding 
to  about  yTd  part  of  a  second.  And,  since  the  same  method 
has  been  adopted  to  find  the  difference  of  latitude  between 
Black  Down  and  Dunnose,  it  is  highly  probable  that  the  lati- 
tude of  the  former  station  is  not  removed  more  than  Atha  of  a 
second  from  the  true  one,  that  of  Beachy  Head  being  supposed 
=  50°  44'  23",7. 


Digitized  by  Google 


The  Account  of  a 

ject,  I  do  not  perceive  any  source  of  error  likely  to  affect  the 
conclusions,  unless  it  be  that  to  which  all  astronomical  obser- 
vations, made  with  instruments  adjusted  by  plumb-lines  or  levels 
areliable.  In  determining  differences  of  longitude  through  these 
means,  the  direction  in  which  any  lateral  attraction  must  act 
to  produce  a  maximum  of  error,  is  at  right  angles  to  the  meri- 
dian.  If  the  attraction  be  in  the  plane  of  it,  it  is  obvious  the 
double  azimuth,  although  the  telescope  of  the  theodolite  does 
not  move  in  a  vertical,  will  nevertheless  give,  almost  exactly 
the  true  direction  of  the  meridian.  * 
The  high  lands  about  St.  Catherine's  Light-House,  in  the  Isle 
of  Wight,  are  about  six  miles  from  Dunnose,  and  nearly  west 
of  it ;  but  it  does  not  appear  that  the  effect  of  their  lateral  attrac 
tion  can  have  produced  any  sensible  error;  since  it  may  be 
shewn,  that  the  plumb-line  of  the  sector  at  Schehallien  would 
have  deviated  only  a  small  part  of  a  second  from  the  true  ver 
tical,  had  the  sector  itself  been  placed  at  that  distance  from 
the  hill.   Beachy  Head  is  situated  at  the  eastern  extremity  of 
the  South  Downs  ;  a  defect  of  matter  towards  the  east  imme- 
diately taking  place.  This  circumstance  renders  the  observa- 
tions liable  to  some  small  errors,  on  account  of  the  superior 
lateral  attraction  in  the  opposite  direction  ;  but,  notwithstanding: 
it  is  very  probable  that  an  error  induced  by  either  of  these 
attractions,  is  so  very  small  as  to  render  the  subject  scarcely 
worth  consideration,  yet,  as  both  lie  the  same  way,  it  is  satisfac- 
tory to  consider  that  they  mutually  tend  to  correct  the  errors 
which  may  result  from  either ;  we  may,  therefore,  safely  con- 
clude, that  I*  ,V  36"  b  very  nearly  the  true  longitude  between 
the  stanon  on  Beachy  Head  and  that  on  Dunnose.   Under  this 
persuasun,  I  consider  it  probable  that  the  longitude  of  Black 
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In  the  adjoining  diagram,  iuppoie  B,  Black  Down;  D, 
Dummy.  ;  and,  N,  Nine  Barrow  Down  :  also,  let  PB,  the  me- 
ridian of  Black  Down,  be  prolonged  to  M,  and  DM  be  drawn, 
PM  being  —  PD.  Then  we  shall  hare  three  spherical  tri- 
angles BPD,  BND.  and  BMD.  Now,  the  angle  NBD  was 
found  from  observations  to  be  4*30'  28',  and  BND  172* 
27'  33*,S  i  these  give  the  angle  BDN  s  3^  1'  59",$,  nearly,  be- 
cause the  excess  of  the  three  angles  above  180°  is  1".  The 
observed  angle  at  D,  Dunnose.  between  Niue  Barrow  Dowa 
and  the  meridian  DP,  or  PDN.was  87°56'53*;  therefore, 870  56' 53*  —  3"  1' 59',$  = 
84'  54'  J3',5,  is  the  angle  at  D,  between  the  meridian  and  the  station  on  Black  Down. 

Now,  the  difference  of  longiludc  between  B  and  D,  or  flic  angle  at  P,  has  been 
already  found  —  i°  46', 4;  and,  since  BP  is  very  nearly  =  PD,  and  BD  is  small, 
we  shall  have  rad.  ;  tang.  {P  cosine  DP  "  cosine  BMD  —  8/  28'  47*.  But  the 
angle  PDB  has  been  found  =  84°  5+'  ej'.s  ;  therefore,  8o»  aff  47*  —  84*  S4'S3*'S 
—  4°  33'  S3,'5,  the  angle  BDM  ;  hence,  1800  o'  2'  —  94s  2'  4o',5  —  85*  57'  21/5, 
or  MBD  ;  therefore,  940  2'  38/j,  or  DBP,  is  the  angle  at  Black  Down  obtained  in 
this  way,  which  differs  nearly  16'  from  the  observed  one,  viz.  94*  2'  22',;5.  It  is 
probable,  some  portion  of  this  arises  from  defects  in  the  observation  made  at  Dunnose, 
on  the  lights  fired  at  Nine  Barrow  Down  :  only  two  lights  were  seen;  and,  as  the  ob- 
servations differed  5*  from  each  other,  some  degree  of  doubt  exists,  as  to  the  accuracy 
of  the  angle.  The  angle  at  Nine  Barrow  Down,  between  Black  Down  and  Dunnose, 
is  not  absolutely  to  be  depended  on  for  purposes  of  this  kind,  although  there  can  be 
no  doubt  of  its  being  sufficiently  near  the  truth,  for  that  to  which  it  has  been  before 
applied.  In  the  correction  of  the  angles  at  that  station,  in  our  former  accounts,  we 
proceeded  on  the  supposition  of  their  being  less  satisfactory  than  the  other  angles  of 
the  triangles  to  which  Nine  Barrow  Down  is  a  common  station.  For  these  reasons,  I 
am  of  opinion  the  computed  angle  cannot  be  applied  as  a  test  to  the  observed  one  ; 
and  it  also  appears  to  me,  that  greater  objections  lie  against  similar  comparisons  be- 
tween the  computed  and  observed  angles  at  But  t  crton  and  St.  Agnes;  as  those  stations 
could  not  be  seen  from  each  other,  nor  the  latter  from  Black  Down.  Although  the 
computed  directions  of  the  meridians  differ  some  seconds  from  the  observed  ones,  I  am 
by  no  means  doubtful  of  the  truth  of  the  latter;  as  the  double  azimuths  of  the  Pole 
Star,  found  from  computation,  agree  very  satisfactorily  wi-h  those  which  have  been 

used  in  obtaining  the  directions  of  the  several  meridians  In  finding  the  value  of  the 

oblique  arc,  or  the  line  which  joins  Black  Down  and  Dunnose,  as  used  in  the  first 
method  of  computation,  I  have  had  recourse  to  the  following  correct  expression,  viz. 

d  =  LH-  ;  where  d  is  the  length  of  the  requited  degree,  p  that  of  the  great 

[•  *  m  —  p  ■  sx 

circle  perpendicular  to  the  meridian,  m  that  of  a  degree  of  the  meridian  itself,  and  s 
the  sine  of  the  angle  constituted  by  the  oblique  arc  and  the  meridian. 
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Art.  xxvi.  Latitudes  and  Longitudes  of  the  Stations  in  the  Series 

of 1795  and  1796. 

Meridian  of  Black  Down. 
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Meridian  of  Butterton. 


Bc-jtinji  from  the  ParUlcli  to  the  Meridian. 


At  Little  Haldon. 
North  Bovey  - 
Eastern  Karn    •  ... 
Western  Karn       -  - 
West  Down  Beacon       -      -  - 
Woodky's  Summer  House  -  • 
Berry  Head  Flagstaff  - 
Brixen  Steeple       -  ' 
Ipplcpen  Steeple 
Three  Barrow  Tor 
Brent  Beacon 

At  Butterton. 
Chudleigh  Steeple 
Froward  Flagstaff  -  - 
Start  Point  Flagstaff  - 
Marlborough  Steeple 
Bolt  Head  Flagstaff 
Mtwstone,  highest  point 
Cupola,  Hospital,  Plymouth 
St.  John's  Steeple  • 
SatUsb  Steeple 

Penlee  Beacon       -  - 
Plymstock  Steeple 
Statten  Barn       -  - 
Mount  Batten 

Flagstttff.  Plymouth  Garrison 

Nev>  Church,  Plymouth  - 

Old  Church,  Plymouth 

West  Chimney,  Governor's  House 

Flagstaff  on  Mount  Wise  - 

Chapel,  Plymouth  Dock 

Obelisk,  Crimhill  Passage,  Plymouth 

Mount  Edgecumbe  House  - 

Flagstaff,  Maker  Tourer 

N  ,v  !  Signal  St. iff,  Maker  Tower 

Fddystone  Light  Houst 

At  Butterton. 
Stonehouse  Steeple 
Puslinch  Obelisk       -  - 
Flagstaff,  Rame  Head  • 

At  Rippin  Tor. 
Great  Haldon  .... 


7« 
56 

$3 
63 
8j 
10 
2 

22 

68 
56 


44 

*7 
1 ; 

59 
39 

21 
«$ 

'5 
43 
1 1 


N  W 
N  W 

N  w 
N  E 
S  W 
S  E 
S  R 

s  w 
s  w 
s  w 


44  4 

75  « 
39  2* 
16  42 

•4  57 
5*  35 

76  47 

79  34 

*9  37 
64  59 

73  46 
°4  4J 

70  50 

71  ji 
75  25 


75 
75 
75 


1 

40 


77  33 
74  7 
72  18 

7»  5J 
70  54 


44  NE 

28  S  E 
33  SE 
32  S  B 
7  SE 
23  S  W 
30  s  w 

44  S  W 
12SW 
49  SW 
1 5  sw 
53  S  W 
S  W 

s  w 
s  w 
s  w 
s  w 
s  w 
s  w 
s  w 


>' 

'7 
49 

56 

»s 
55 
28 

9 


23  sw 
41  sw 

3  S  W 
27  SW 


6c 
45 
6S 


3*  37 
17  46 

3  44 


S  W 

s  w 
s  w 


52  27    o  N  E 


Ditunce* 
from  mmd 


reel. 

433*5 
4>'45 
40730 
126152 
29448 
95740 

«743S 
68413 

8667 

15460 


67688 
8434* 

56544 
18429 
18739 
49825 
66891 

8399« 
737<>7 
69758 
49217 

53*70 
58651 
57021 
56521 

575°5 
64497 
65281 
67040 
66728 
65827 
68224 
68232 
87190 


53078 
2-480 

76935 


72023 


Digitized  by  Google 


643 


The  Account  of  a 


Bearing*  from  the  Parallels  to  the  Meridian. 


Diiunec* 
from  mend. 


DUtznce* 

from  ptrp. 


St.  Kivern  Steeple       -  • 

Flagstaff,  Blackbtad 

Windmill,  near  Fffwty  -  • 

Menabilly  House 

Old  Tower  at  Polrtutn 

Flagstaff.  St.  Anthony's  Head  (d.») 

At  tbt  Dead  man. 
St.  Veep's  Steeple 

At  St.  Agnes. 
St.  Columb  Minor  Steeple 
Peranzabulo      -       -  * 
St.  Eval  Steeple  ... 
Cubert  Steeple  - 
Flagstaff,  Pendennit  Castle  • 
Windmill,  St,  Mawe's 
Karnbre  Castle  - 
Illugan  Steeple 
St.  Paul's  Steeple 
Lord  DunstanviUe's  House 
G  win  ear  Steeple 

Core  and  Calf  ... 
Camborn  Steeple 
St.  Erme  Steeple 

St.  Allen  Steeple    -  •  * 

Ludguan  Steeple 

At  Karnbonellis, 
Lizard  Windmill 
Grade  Steeple  » 
Ruan  Major  Steeple 
St.  Hilary  Steeple 

Mr.  Rogers's  Tower,  near  St.  Ives  - 
Madcrn  Steeple      -  * 
ParkUmgb  Flagstaff 

At  Kamminnis. 
St.  Buryan  Steeple 

At  St.  Buryan. 
Chapel  Karnbi  ry 
Flagstaff,  St.  Leven's  Point 
Sennen  Steeple        m-  • 

At  Ptrtinney. 
Stone,  Land's  End  - 


27    6    7  SW 
24  50  36  SW 
SE 


67    2  44 
60  16  48  S  E 

64  44  37  SE 
26  35  45  SW 


39  419NE 


44  7 

41  54 
37  5» 

42  26 

34  >9 

45  5* 


1 1 

30 


so  21 

40  33 
39  33 

*3  7 
30  16 

88  4a 

«S  >3 
47  39 


57  NE 
34  NE 
39  NB 
53  NE 
23  SE 

9  SE 
47  SW 

a  SW 
16  SW 
25  SW 

34  SW 
32  NE 
51  SW 
22  N  E 

35  NE 

58  SW 


1  47  24  S  E 

6  41  17  SE 
3  46  21  SE 
66  19  33  SW 
83  43    6  S W 
76  S3  40  S  W 
6  J5  u  SW 


2$  45  25  S  W 

3  25  16  NW 
77  29  40  SW 
83  44  37  SW 

48  5  30  s w 


Feet. 
3061 1 
3I2I4 

'34347 
123516 

35892 
48664 


140146 


40698 

"9354 

5°*75 

23773 
39999 

48079 

6480 

1 1865 

38457 
19726 

39578 
37 '74 
19881 

446S7 
36688 

64737 


573 
5710 
i486 
49009 
18396 
8154a 

«°735 


95205 


9547* 
"4449 
1 12202 


116222 


Ten. 

93398 
104917 
10737 
I0899 

7978 
60038 


21930 


4'9|° 

646  3  z 
25991 
58586 
46642 
30760 

*»S37 
103660 
23050 

479" 
87044 

34<>48 
1009 
3064 

58976 


114785 
117451 
1 09496 
65664 
47102 

637*5 
11 1240 


84320 


73098 
88158 
8S7«* 


86847 


•  The  letter  D  is  added  (as  in  the  former  accounts)  to  those  places  respecting 
which  any  doubts  are  entertained. 


»!)♦>•• 
J9  4«9*E 
44  »  57  *E 

?SSS 

ta  i  '  !  „ 

40 11  s  s 

J°  |6  5  vE 

M  *'  \\  NE 
»i  'J  55.  <w 

4:  » 5J  S* 

I  47  •»  SJ 

6  *!  '7  tl 
3  ♦*  "  5W 


U*4 


m 

«n 

Mi 

ifcl 

|flfl 

fir* 


#1 


irt 


Portland  Light  Houtt 
Noil  Windmill 
Noil  Steeple 

Holy  Trinity,   -  Shafhbury 
St.  Rumbold'i  Stecpk,  Ditto 
Maypowder  Steeple 
Stourhead  House  - 
Mr.  Fnunpton's  Obeliik 
Mere  Steeple 

Mr*.  ThomhilPi  Obelisk  - 
Odcotnb  Spire  - 
Milborne  Port 
Puncbtotl  Flagtttff 
Lambert's  Castle 
Lyme  Cobb  - 
Gotde*  Cap* 
Glastonbury  Tor 

Ld!  iKlle  f  Barn!  near  Sidmouth 

Naval  Flag staj,  Wbillandt 

Cathewtone  Lodge 

Lord  Liibume's  Obelisk  - 

Sir  J.  del*  Pole's  Flagstaff  - 

Honiton  Steeple 

St.  Mary  Ottery  Steeple  - 

Sir  Robert  Palk's  Tower  - 


JO  31  12,2 

51    8  29,3 

5'  4  *7.> 
51  o  20.7 
50  $9  11,8 
jo  J 1  19  " 
j  1  6  29. J 
jo  41  46,0 


jo  j< 


*«.7 
•7>? 
12,6 

J  8,0 
»7-3 


5«  57 
jo  41 
50  46  1 
jo  43  10,0 

5°  43  31'5 
5'  8  47,7 
jo  41  13.* 
jo  4J  3J.6 

5°  4*  47-7 
j  1    o  23.0 

50  37  «'J 
jo  42  31.9 
50  47  35-5 
jo  43  12,9 
jo  39  J2.J 


j  3*.9E 
IB  58,7  K 
22  31,8  E 
21  3,6  E 
20  j'},9  E 

7  38,6  E 
1 3  46,0  E 

16  2+,J  E 
16  J7.6  E 


10 

9 
5 
6 

*3 
"7 
8 


28,0  t 

I2,|W 

Mil  E 
36,4  W 
•3.1  W 
7-  W 
37.*  w 

i3  37.6  w 

26  17.2  W 

30  0,4  W 

36  36,6  w 

o  j8  J.6W 

o  U  2.,4W 

o  37  55.7  w 

0  46  aM  w 

1  1  24.6  w 


t  26  49.J 

*  '3  *3'7 

2  19  jo,6 

2  11  18.8 

2  11  28,; 

*4  43-8 
18  36,4 

■5  57.9 
"J  44.8 
21  53.» 
4'  34  4 

27  9.3 
38  J8.8 

49  45. S 
55  *94 


SI 

S3-6 


49  59 


41  18,8 
jo  J9.9 
58  39.6 
2  22,8 

8  59.° 
30  i8,t 

I  54  43.8 
3  10  18,1 

3  18  49'1 
3  34  47. 


9 
8 

9  '9.3 

!  45,5 

8  45.8 

9  38.9 
9  «*4 
9  3.8 
9  »»9 

9  *U» 

10  46.3 

9  48.6 

10  jj,9 

11  19 
ii  41,9 
11  20 

10  4J,2 

11  24 

11  J4,6 

J*  9-5 

12  3J.9 

14  '.9 

11  38.9 

12  41,2 
'3  'S-J 
«4  '9.1 


Digitized  by  G< 


650  The  Account  of  a 


Meridian  of  Butterton  Hill. 


N'iraa  of  Objects. 

L  j  i :  ,i  j  -  . 

Bnucrt 

dc  fmm 
on  Hill. 

Longitude  wcit 
In  degreci. 

>[  Greenwich. 
In  nine. 

I\ortr»  Bovey  Meeple  (d.) 

o 

s° 

i 

3° 

| 

.8,7 

0 

t 

■  1 

9»3  E 

3  4' 

• 

38,2 

m. 
'4 

c. 
46.5 

Eastern  Karri       ■  • 

5° 

38 

48.4 

0 

to 

3°>3  ^ 

3  4* 

11,2 

•4 

48.7 

Western  Karn 

CO 

39 

27.9 

0 

10 

30, 1  r. 

3  42 

"7-4 

>4 

49' 1 

rf  eJt  UuWW  ucilCOn 

5° 

37 

20.J 

0 

3* 

30,0  C. 

3  20 

>7>S 

»3 

M»I 

Woodtcy's  Summer  House 

JO 

33 

4J 

O 

7 

34'?  K 

3  45 

•3 

'S 

°.9 

i  uigstaff,  Berry  nca(i>  loroay 

SO 

z4 

o-7 

O 

24 

33'«  |* 

3  28 

"4-4 

'3 

52.9 

ifrtxen  steeple 

S° 

23 

12 

O 

22 

24,8  £ 

3  3° 

22,7 

'4 

'•S 

ippicpcn  oiccpic 

5° 

27 

34.2 

0 

•7 

33, »  C. 

3  3J 

'3-7 

•4 

20,9 

1  hree  Barrow  Tor 

JO 

29 

'3-5 

0 

2 

13, J  fc. 

3  5° 

34 

»5 

22.3 

Brent  Beacon,  near  Ashburton 

50 

26 

28,6 

0 

3 

3  48 

49.4 

•5 

"5.J 

JO 

3° 

14.' 

0 

'7 

2, ,9  b 

3  35 

21,6 

«4 

21.4 

m  rvWattM  •  menon  - 
?  lagstiijf,  alart  rotnt 

JO 

21 

»»4 

0 

21 

J'».  !  1. 

3  3i 

1 1,2 

•4 

4>7 

JO 

•  3 

25,9 

0 

"4 

20,7  r. 

3  38 

20,8 

>4 

33.4 

Marlborough  Steeple  * 

JO 

•4 

40.7 

0 

4 

42. J  E 

3  43 

S.O 

«S 

>*.3 

I  lagSldJJ t  DOlt  n    .  A     -  » 

JO 

13 

14.1 

0 

4 

47.2  c- 

3  48 

°>3 

'5 

12 

Aftwstone,  highest  |>oi nt 

JO 

18 

29.7 

0 

12 

4J,t  w 

16 

22,1 

Cupola  oi  Plymouth  Hospital 

Jo 

22 

10,1 

0 

>7 

o.  J  W 

4  9 

56#> 

16 

39'7 

or  jonn  s  o  tec  pic  (t>.)  ■ 

5° 

22 

11,8 

0 

21 

3'»4W 

4  «4 

18,9 

16 

57. 2 

C.       1  j    .  -    L     i'»  ....  r, 

ojitatu  jteeple 

JO 

24 

39.8 

0 

18 

54-3  w 

4  11 

41,8 

16 

42>8 

Penlet  Beacon 

JO 

«9 

24 

0 

»7 

J2,0  W 

4  10 

40,1 

16 

4*»7 

PJymstock  Steeple 

JO 

22 

24,2 

0 

12 

-A  0  or 

314*0  »> 

4  5 

J4-3 

■  6 

21,6 

JO 

20 

37.4 

0 

1? 

30,0  vv 

4  6 

26,1 

16 

2>-7 

Mount  Batten 

JO 

21 

*4-3 

0 

«$ 

1,0  v% 

4  7 

49." 

16 

31.2 

r ijgsiaff ,  riymouto  Liatrtson 

50 

21 

21,8 

0 

14 

30, J  w 

4  7 

24,0 

16 

29,6 

ivrii'  KsOUTCDi  r  lyvnouto  - 

JO 

22 

20,4 

0 

•4 

29,0  w 

4  7 

i6,j 

16 

29,1 

(J/a  uifw^L  riymouiu 

Jo 

22 

13,6 

0 

'4 

44.  t  w 

4.  f 

1  / 

31,6 

16 

30,1 

JO 

IO 

0 

22 

1  J.4  w 

4  '5 

2,9 

17 

0,3 

w  esi  v«nirniicyf   vjovcnior  s 

nvj>ff  ri_>  mourn  ijihk 

JO 

22 

2,9 

0 

16 

,  1  ft  w 

3 1,0  vv 

4  9 

«9.« 

16 

37,2 

rfdgSiaJJ  t  M0HHI  n  tie 

JO 

22 

0.7 

0 

10 

43.7  w 

4  9 

3>.2 

to 

38»i 

Chapel,  Plymouth  Dock  * 

JO 

22 

■9 

0 

'7 

tO,o  W 

4  9 

58.3 

16 

39»9 

Obelisk,  Crirnhill  Passage 

JO 

21 

37.7 

0 

17 

^     Q  IT/ 

J,0  W 

4  9 

53.3 

16 

39.5 

Mount  EdVecumbe  House 

JO 

2  1 

17.9 

0 

16 

ji,8W 

4  9 

39.3 

16 

38,6 

Flagstaff,  Maker  Tower 

5° 

20 

Ji,8 

□ 

»7 

28,jW 

4  10 

16,0 

16 

4«.i 

Naval  Flagst.  near  Maker  Tow. 

JO 

20 

5>>9 

0 

17 

28,6  W 

4  10 

16,1 

16 

4'.« 

Stonehouse  Steeple  • 

50 

20 

474 

0 

'3 

3S-7W 

4  6 

23,2 

16 

25.S 

Puslinch  Obelisk 

50 

20 

'7.5 

0 

7 

2,6  W 

3  59 

50.1 

•5 

59.5 

Rame  Head 

JO 

18 

5«.7 

0 

>9 

4'.$W 

4  " 

29,0 

16 

49.9 

Great  Haldon 

S° 

39 

27 

0 

18 

34.2  w 

3  34 

'3-3 

»4 

16,9 

Hcminerilon  Ball 

JO 

21 

21,2 

0 

7 

6.j\V 

3  59 

53.6 

'5 

59.5 

Brent  Tor 

50 

36 

13.4 

0 

16 

33.9W 

4  9 

21,4 

16 

37.4 

Flagstaff.Blockhoute.Plymouth 

50 

22 

J64 

0 

16 

24.4W 

4  9 

11,8 

16 

36.8 

50,5 1  " 

js  n  " 


.  .,  io.i    «  17  ,,;!)  - 


'•  ?52'l: 

I     m  to*  i     T  ,  :• 


.if 

•  J 

«  <•' 

•  H 


South  Pethcrwin  Steeple  - 

>« 

5" 

j« 
3° 

3M 

South  HUI  Steeple 

SO 

3' 

48,3 

St.  Clcer  Steeple 

5° 

•9 

«S 

Callington  Steeple 

5° 

J° 

M-9 

Cheese  Rinjjs 

5° 

3» 

50.J 

Litkrard  Steeple 

5° 

*7 

"4  + 

Lamlrake  Steeple 

5° 

*5 

20.7 

Duloe  Steeple  - 

5° 

*3 

48,0 

Mcnheniot  Steeple 

5° 

*7 

■4$ 

Pviparrpw  Flagstaff 

Lord  C'amelfora's  ObelUk 

S° 

*J 

5-5 

5° 

*S 

1  i.i 

Boconnock  Steeple 

5  = 

*5 

ij.3 

Roach  Rock 

5° 

*3 

534 

Roach  Steeple 

50  23 

S*«7 

iW 

»w 


40.4  w 
46.9  w 

33.1"' 
'4-4 
14.9 

55  5  W 
43.3W 
U10V 

18,3  w 

37.+  2 

4.a  W 

43-7  w 
41,8  w 
59,.  w 


20  34.4 

27  20,6 
18  1.9 
27  2,4 
26  43.0 
16  30,8 

24.9 

S'-7 
31,2 


4  48 


29,8 
22.3 
49.4 

12, 1 

48,1 

46.8 

6 

$2,6 
36»4 
53^ 
'9.+ 
a  14.1 
9  13.9 
9  '5-i 


Meridian  of  St.  Agnes. 


Njiom  of  Ol)j«u. 

Latitude. 

Longitude  from 
St.  Agnct  nVatwn. 

LoojUuJe  mit 
la  d<grcei. 

of  CiMBwich. 

Lanlivery  Steeple 
Helmen  Tor 

Mr.Treroaine's  Summer  House 

Gorrjn  Steeple 

Flagstaff,  Headman 

ChtiMas  Koch 

Hcndelltoii  oiceplc 

Stone,  St.  Bracg's  Down 

St.  Dennis  Steeple 

St.  Michael  Carhayes  Steeple 

r..    .r            n>  \ 

50  24  1,9 

50  25  9.9 
50  16  37,8 
;o  14  50,8 
to  13  15,8 
50  14  46,3 
50  34  25.6 
50  2H  47,6 
50  23  22,1 

<o  15  14,0 

0  30  44,0  E 

0  29  1 1,9  £ 
0  24  41,6  E 
0  14  30,4  F. 

0  24  47.;  B 
0  27  14,1  b 
0  23    8,$  E 
021    1,7  E 
0  19  54,1  t 
0  zl  40.2  t 
<\   1  »tF 

0     *  0 

4  4'  "'7 
♦  4*  43.8 
4  47  14.1 
4  47  *5-3 
4  47  8,0 

4  44  4'.° 
4  48  47.1 
4  50  54,0 
4  52  1,6 

4  5°  '5.S 
c    A  8,1 

m.  1. 
18  44,8 

18  50,9 

19  8,9 
19  9,6 
19  8.5 

18  58,8 

19  15,1 

:99  al 

19  21 

20  |6,C 

The  Account  of  a 


Names  of  Objects 

Latitude. 

Longitude  from 
St.  Afne*  Beacon. 

Longitude  weat  of  Greenwich. 
In  degree*.     .    In  urae. 

St.  Eval  Steeple 

CO 

J 

20 

y 

J  9  J 

9 

0 

f 

It 

C4»Q  E 
'*  £  ~ 

0     >  • 

4  CO  0,8 

T  j  y  ' 

m. 

10 

y 

S. 
56 

Cnbert  Steeple 

CO 

22 

TJ"' 

O 

6 

C.6  E 

C     C  CO.l 

20 

22,2 

Flagstaff,  Pendennis  Castlt 

CO 

8 

48,7 

O 

10 

12, t  B 

(      1  41,6 

20 

Windmill,  St.  Mawes 

CO 

to 

O 

12 

16,3  B 

A  CO  1Q,4 

t  jy  jy.T 

10 

Karnbrc  Castle 

CO 
> 

1  i 

J  * 

l 

XQ.X  W 

jy»j 

c  it  t c .0 

>    'i  ii'. 

20 

C4-.  X 

Ulugan  Steeple 
St.  Paul's  Steeple 

CO 

1 : 

4,4- 

0 

• 
> 

1.0W 

C    14  C7,6 

20 

co 

I 

2a.  1 

0 

y 

c  21  42.7 

2  | 

26,8 

Lord  Dunstanville's  House 

CO 

1 

0 

c 
) 

2,5  w 

5  16  58,2 

BI 

7.8 

Lansallos  Steeple  ■ 

CO 

20 

1  C>1 

0 

18 

16,2  B 

4  11  20, c 

18 

1 4.6 

Gerrans  Steeple 

CO 

10 

44,8 

0 

u 

■T 

7.7  E 

4  C7  48,0 

SI. 2 

Gwinear  Steeple 

CO 

10 

51. 

0 

10 

6,0  W 

5  11  i»7 

zi 

28,1 

Cow  and  Calf 

CO 

J 

12 

j 

44.,  8 

tt,w 

0 

0 

y 

13.7  E 

5    2  22,0 

20 

o.c 

Camborn  Steeple 

CO 

12 

0 

c 
> 

4.7  W 

C    17  0,4. 

2  I 

8 

St.  Erme  Steeple 

CO 

18 

0 

1 1 

25,7  E 

5   0  30,0 

zo 

z 

St.  Allen  Steeple 

CO 

18 

56,8 

0 

0 
y 

23,6  E 

5    3  3''' 

20 

10,  t 

Ludguan  Steeple 

CO 

8 

TT'  ■ 

0 

16 

30,7  W 

5  28  26,4 

21 

Ct.8 

Windmill,  Lizard 

1Q 

•ry 

CO 

J7 

0 

0 

8,7  E 

C    1 2  4,4 

20 

48.2 

Grade  Steeple 

40 

CO 

8,8 

0 

1 

27,1  E 

5  10  28,6 

20 

Ruan  Major  Steeple 

5° 

0 

27»* 

0 

0 

22,6  E 

5  ti  29,1 

20 

45*9 

St.  Hilary  Steeple 

5° 

7 

38»7 

0 

is 

29.7  w 

5  *4  »5.4 

21 

37»7 

Mr.  Rogers's  Tower 

5© 

10 

0 

4 

4'.7W 

5  «6  37.4 

21 

6.5 

Madern  Steeple 

s° 

7 

fd 

0 

20 

47.5  w 

5  3*  43.* 

22 

10.9 

rixrk  Lougb  flagstaff 

0 

9.9 

0 

* 

43,8  W 

5  «4  39-5 

20 

58.6 

JJzard  Flagstaff 

49 

57 

55.8 

0 

0 

38,1  E 

5  ">  «7.7 

20 

4S«* 

St.  Buryan  Steeple 

5° 

i 

32.8 

0 

*4 

14.8  w 

5  36  IO»S 

22 

*4»7 

Karnbury  Chapel 

St.  Lcven't  Point,  Flagttuff 

s° 

23.5 

0 

*4 

19,8  W 

5  36  15.S 

22 

*5 

5° 

3 

53.8 

0 

8,5  w 

5  4«  4«* 

22 

44.3 

Sen ii en  Steeple 
Stone,  Land's  End 

s° 

4 

18.0 

0 

3 

36,6  W 

5  40  *9«9 

22 

s° 

4 

6,6 

0 

29 

35.8  W 

5  4'  3»'S 

32 

46,1 

Notwithstanding  almost  the  whole  of  the  above  latitudes  and  longitudes  belong  to 
objects  near  the  sea  coast,  yet  I  have  distinguish  those  which  are  actually  upon  it,  from 
those  more  remotely  situated,  by  Italics, 


5'  '5  44 
;»  i  m 
ft  U  JH 

-m    m  AX  J 


J 


Jr..':  c 


♦9  5»  1 
;0  10 


7 


p  4  M 


•  •4  ♦•'Si  j2:  :' 


of  the  SuiUnu. 


Pilsden 
Ash  Beacon 
Mintern 
Moor  Lynch 
Bull  Barrow 
A*h  Beacon 
Pilsden 
Moor  Lynch 
Moor  Lynch 


Long  Knoll 

Wingreen 

Long  Knoll 

Mendip 

Wettbury 

Dundry 

Mendip 

Farley  Down 

Mendip 

Dundry 


from  p*«p* 


*  3J  59  NW 
59  5*  59  NW 
j  17  18  NW 

59  53    I  SE 
1    a  34  NE 

46  45  33  NE 
II  40  33  NE 
59  «7  35  SE 
66  3  36  NF. 
3  a3  8  NW 
8a  a8  4  NE 
50  16  M  NW 

39  44  34  JJj 
80  3*  31  NE 
35  44  37  NW 
88  51  a3SE 
■  8  59    1  NW 
88  51  aaNW 

77  26  41  NE 


Meridian  of  Butterton  Hill. 


Carraton  Hill 


s  - 


St.  Stephen's 


t  MS  '?  47  |SK 
"  1    ai  46   9  NW 


87635 

7*55t)jgitize 


Tbe  Account  of  a 


Art.  xxx.  Bearings  of  tbe  Stations  in  tbe  Series  of  ij^,from 
tbe  Parallels  to  tbe  Meridians  of  Dunnose  and  Greenwich;  and 
likewise  tbeir  Distances  from  those  Meridians. 

Meridian  of  Dunnose. 


Namei  of  tbe  Stations. 


Highderc 

White  Hone  Hill 

Stow  on  the  Wold 
Shower  Hill 
EpweU     ■  . 

Brill 


iBagshot  Heath 
Nuffield 
White  Horse  Hill 
Stow  on  the  Wold 
Brill 
Shotover  Hill 
Scutchamfiy 
Whitehall  Hill  - 
f  Broadway 
\  EpweU 

Cumner  Hill 
J  Corley  Hill 
'   Arbury  Hill 
:  Crouch  Hill 
Quainten 


Botringt. 


8 1  40 
35  3o 
*7  47 
14  29 
50  16 

sj  30 

»S 
3° 
33  3 
39  34 
76  58 
6  39 
48  5 

39  20 
6j  40 


58  NE 
40  NB 
37  NW 
27  NW 
17  NE 
7  NE 
51  SE 
13  NE 
55  NW 

55  NE 
3  SW 

56  NW 
23  NE 
49  NW 
13  NE 


Pittance* 

from  mend. 


Feet. 

10827$ 

36747 
83796 

11491 j 
28955 
3063 
32776 

3«°54 
143396 
64617 
25416 
81312 
2776 
36102 
64963 


Meridian  of  Greenwich. 


Nuffield 
Brill 

Brill  - 
Arbury  Hill 
Brill 

Bow  Brickhill 

Bow  Brickhill  - 

Kinsworth 

Bow  Brickhill  - 

Lillyhoe 

Bow  Brickhill  - 
LUIyhoc 


} 


Wendorer 
Bow  Brickhill 
Kinsworth  • 
Lillyhoe 
Lidlington  - 
TroilerHill  - 


{ 


44  48 

65  49 
56  46 

54  50 
85  8 

3'  55 
74  6 
50  54 

67  24 
50  6 
89  1 

68  14 


19  NE 
3  SE 
9  NE 
51  SE 
30  NE 
51  SE 
27  SE 
40  NE 
37  NE 
JS  NW 
15  SE 
71  NW 


i 


tiphot  Hnth 

•  ' 
tfVtcHcrvRiO 
v»  on  tie 


!  QuUitC* 


< 


1 

! 


N.oaof  itelutiMt. 

Bl.<k  Ua»n, 

la  defied. 

In  ueie. 

Moor  Lynch 
Ash  Beacon 
Long  Kitoll  - 

Dundon                 •  • 

Mendip 

Beacon  Hill 

Weitbury      •  ■ 
Farley  Down 
Dundry 

ft    f  i 
51    7  50,a 

51    0  33-5 
51    8  16,1 

51    5  °'5 
51  13  7.* 
51  11  1,6 
5'  'S  3*3 
5«  *3  35.7 
ji  aj  Sa.a 

[  >«  *7  5<><* 

0    1  * 

0  18  30,6 w 
0  1  16,4  E 
0  14.  a8,j  E 
0  11  10,7  W 
0  0  iJ.oE 
0  49  ao,6E 
0  14  13  B 
0  i{    7,6  B 

:  \  & 

0    1  • 

*  50  S3 
a  30  56 

a  17  54.1 

*  43  33>« 
a  3a  6,5 

1  43  1.1 
a    8  9-4 
a  17  14.8 

2  38  o,i 
a  aj  $1.8 

ai.  a. 
■1  23,5 
10  J,7 

9  11.6 
io  S4.» 
lo  8,4 

6  $2,1 

8  32,6 

9  *<9 

10  3a,o 

9  35.4 

Meridian  of  Butterton  Hill. 


N.mexrfiheSuiion*. 

LontiMde  from 
tmlimm  Hill. 

f  Greenwich. 
lm  time. 

St.  Stephen*! 
Black  Down 

• 

$0  39  6.7 
SO  }6  4°.9 

0  28  J9.6W 
0  13  ao.jW 

•   .  » 
4  U  47  » 
4   6  8,0 

m.  a, 

17  *7.« 
•  6  a4.« 

Meridian  of  St.  Agnes  Beacon. 


Ntmet  of  (he  Sutiom. 

Lteitude. 

LM(iln<le  from 

St-ApiMllMCOT. 

Loaptudr  wr«l  0 
U  degree*. 

[  Greenwich, 
la  lime. 

Trevofc  Head 

50  3a  i6.J 
rn  in  IZ.il 

on  i.;E 
0  v>  4*M  E 

0    /  » 

5   0  54.* 
441  0.x 

m.  s. 
to  1,6 
18  44.6 

6S6 


The  Account  of  a 


Art.  xxxii.  Latitudes  and  Longitudes  of  the  Stations  in  the 
Series  of  1799,  referred  to  the  Meridians  of  Dunnose  and 
Greenwich. 


Meridian  of  Dunnose. 


Names  of  the  Stations. 

Latitude. 

Longitude  from 
Dunnose. 

Longitude  west  i 
In  degrees 

>f  Cieenwicb 
In  tine. 

Nuffield 

White  Horse  Hill 
Stow  on  the  Wold  - 
Broadway 
Brill 

Scutchamfly  - 
Shotovcr  Hill      -  . 
Whiteham  Hill 
Cumncr  Hill 
EpweJl   -  , 
Corley  Hill  - 
Arbury  HiU 
Crouch  Hill  - 
Quainton 

• 

M 

Of* 

S«  3+  52'2 
51  34  3'.6 

51  S4  ,6>3 

52  1  25,6 
51  49  56,6 
$>  33  44." 
5>  45  <>>7 

si  46  15.4 

S>  44  '.5 

$2     4  19,8 

$1  $0  28,3 

$2  13  26,6 

$2    a  58,7 
5>  53  7-2 

iridian  of  C 

•     -     *  _ 
0    9  39,9  E 

0  22    1.7 W 
0  30  26,7  W 
0  38  5,3W 
0   7  39,4  E 
0    8  37  W 
0   0  48,5  E 
0    8  ia,iW 
0   6  42 .4  W 
0  17  io,8W 
0    9  39.9W 
0    0  44.4  w 
0    9  3J.6W 
0  17  12,1  E 

h eenwicb. 

0  ,  ■ 

1  1  s6'1 
«  33  37.7 
1  4a  2.4 

1  49  4»>3 
1    3  56,6 
1  20  13,0 

'  «o  47.5 
1  19  48.1 
1  18  18,4 
1  28  46,8 
1  at  is.9 
1  12  20.4 
1  21  11,6 
0  54  23,9 

m.  S. 

4  7>7 
6  14.S 

6  48,1 

7  »8.7 

4  «S»7 

5  20,8 

4  43.* 

5  «9.* 
5  «3-» 
S  5S»» 
5  25.0 

4  49'3 

5  »4»7 
3  37  »6 

Nj.rr.ei  of  the  Stations. 

Latitude. 

Longitude  west  < 
In  degiees 

f  Greenwich. 
In  Lime , 

Wendover 
Bow  Brickhill 
Kinsworth 
Lillyhoc  - 
Lidlii  gton 
TruslerHill  - 

S'  45  6.4 

5"  59  5°>5 
51  51  50,8 

ji  56  46,5 

5*    I  S4>° 
$1  J9  48,0 

0    .  , 
O  46  1,4 
0  40  1,2 
O  %l  59,9 

0  sa  19,5 
0  32  21,7 
0  34  5°>5 

m.  s. 

3  4." 
a  44"' 

2  7,9 

1  29,3 

2  9,4 
*  19.3 

At  Moor  Lrncb. 
Walton  Windmill 
Westonzoytand  Staple 
Middlczoy  Steeple 
Chedzoy  Steeple 
Higham  Windmill 
Higham  Steeple       -  ■ 
Bridgewater  Spire 
Soma  ton  Steeple 
Burton  Pynsent  Obelisk 

At  Dundry. 
Puckle  Steeple 
Westleigh  Steeple 

1  Ca 


Bristol 
Redcliff  Steeple  - 
Long  Atton 
Clifden  Windmill  • 
Blaze  Castle  - 
Penpole  Park  Gazebo 
Duke  of  Beaufort's  House,  Stoke 
Durham  Steeple 
Rnowle  Steeple 
Miiigotsneld  Steeple 
Wmterbown  Steeple 
Harftcld  Steeple 
Leigh  on  Mendip 


he  M«r.ai.a. 


from  merid. 


75  12  jt  S  F. 
63  +2  36  S  W 

11   48  2!  S  W 

8?  18  45  N  W 


29  57  17  S  E 
22  51  39  S  E 
88  39  25  b  W 

47  4  54  S  R 
10  35    4  S  W 


55  "9 
46  49 

7 
9 

s» 

5* 

•19 


26 

33 
o 

9 
1 

■»  +3 
3i  3' 
63  18 

'3  41 
47  44 
3'  '4 
20  11 

33  59 


i  N  E 

j  N  E 

3  N  E 

1  N  E 

8  N  W 

0  N  E 

6  N  E 

7  N  W 

1  N  E 
3  N  E 

0  N  E 

1  N  F. 
o  N  E 

9  N  E 
c  S  E 


5 '34° 

79339 
9'34$9 
l88{8 
62691 
1047 1 7 

78+28 


26010 
23610 
11836 

94°7 
21696 

.928. 
20268 
28680 
6;  1 
38049 
8112 

•39*3 

7050 

9347* 
21  ,<} 
ifSii 


658  Tbe  Account  of  a 


Meridian  of  Butterton  Hill. 


Bearings  from  the  Pirallcla  to  the  Meridian. 

Dittance* 
from  mtii J. 

Distances 
(torn  per  p. 

At  Furtand. 
Hope's  Nose  - 

23   7  55  NE 

Feet. 
93759 

ten. 
««74S 

A!  St.  Stephen's. 
Werrington  Steeple    -  - 
Boyton  Steeple       -  - 
St.  Stephen's  Steeple  - 
North  Petherwin  Steeple  - 

29  37  23  NE 

05$  35  NW 

45  55  4 

49  1 S  49  N  W 

IO9839 
U2767 
1 IO738 
I2JO44 

92242- 

•06733 
85968 

98473 

At  Carratott  Hill. 
Stokeclimsland  Steeple 
I.aunceston  Steeple    -  - 
Launceston  Chapel 

6$  56   2  NE 
21  26  $4  N  E 
2 1  14  13  N  B 

96381 
I08267 
I085 13 

499** 

82689 

82561 

Meridian  of  St.  Agnes  Beacon. 

At  Bodmin. 
St.  Minvern  Stec,  le 
St.  Minvcm  Windmill 

58  18  36  N  W 
61  51  46  NW 

79549 
90966 

91845 
82260 

At  Trcvoie  Head. 
St.  Isey  Steeple 
St.  Meruu  Steeple 

61    2  12  SE 

57  59  3*  SE 

68456 
52096 

7+082 
82476 

Art.  xxxrv.  Bearings  of  intersected  Objects,from  tbe  Stations  in 
the  Series  of  1 799,  from  tbe  Parallels  to  tbe  Meridians  of 
Dunnose  and  Greenwich;  and  likewise  tbeir  Distances  from 
those  Meridians. 

Meridian  of  Dunnose. 


At  Efrwell. 
Warwick  Steeple 
St  Martin's,  Coventry 
Soleyhul  Spire  - 

16  25  48  NW 
a    3  42  NW 
31    «  35  NW 

87242 

69028 
128826 

607508 
6S33*7 
65497 > 

At  Arbury  Hill. 
Dunehurch  Windmill 
Br  cad  on  Hill,  Summer  House 

23  55  48  N  W 
7  37  3»  N,W 

2072a 
26706 

626734 
765038 

Trigonometrical  Survey. 


659 


B.j nr.- 1  from  the  Parallel*  to  the  Meridian. 


DUunce* 
from  mend. 


Markfield  Windmill 
Newnham  Windmill  - 

At  Corlty  Hill. 
Gatebo,  Breadon  Hill  - 

At  Crouch  Hill. 
Dcddington  Steeple 
BJoxham  Spire 
Aynoe  Steeple 
Adderbury  Spire  - 
Parthingo  Steeple      -  - 

At  Arhury  Hill. 

Round  Ho  se,  Ed^e  Hills 
Windmill,  near  the  Round  House 

At  Brill. 
Winerove  Steeple 
Hardwick  Sr-eple 
Luggersal  St-,  pie 
Granbnrough  Steeple 
Bicester  Steeple  - 
Marq.  Buckingham's  House,  Wooton 
Islip  Steeple  - 
Woodstock  Steeple 
Kidlington  Spire 
Witchwood  Beacon 

At  Wbiltbont  Hill. 
Abingdon  Spire 
Willing  lord  Steeple 
Great  Coxwell  Windmill  - 
Dr<tyton  Steeple 
Highworth  Steeple 
Witney  Spire  - 
Bampton  Steeple       -  -  - 

Radley  Steeple  - 
Buckland  Steeple  - 

At  Stow. 
Stow  on  tht  WoM  Steeple 

At  Broadway. 
Sarsden  Chapel  - 
Hour  ton  Chapel  »        .  . 

Walford  Spire 


5  zo 
59  36 


NW 
NE 


35  45  58  SW 


18    6  oSE 

16  ?s  n  S  W 
49  26    »  S  E 

■}■>  26  59  SE 

56  26  49  S  E 


56  15  5  sw 

55  39  *9  s  w 


81 

78 
44 
53 
43 
79 
84 
85 
88 

89 


I? 
6 

S« 
9 
»7 
•7 
26 

*S 
■9 
1 1 


NE 
NE 
NE 
N  E 
N  W 
NE 
S  W 
N  W 
S  W 

s  w 


62  38 

18 

NE 

«4  54 

39 

N  E 

*5  45 

1 1 

NW 

67  28 

0 

N  E 

57  49 

58 

N  W 

•4  '4 

57 

NE 

4  36 

*9 

N  E 

61  is 

12 

N  E 

20  8 

12 

N  E 

*>  55 

*S 

NW 

$2  29 

8 

SE 

54  30 

35 

S  E 

82  38 

4* 

SE 

Feet 
1S608 
2z6l 


188086 


28646 

395  >9 
»'944 
26213 
6431 


575°i 
58398 


103826 
83299 
35106 
70782 
6854 

4349° 
8944 

35563 
18401 
76971 


1 90  j  4 

•7497 
96959 
24691 
t 16343 
647^7 
79056 
1212 


a 


696 


H8442 


86195 
125630 
5x704 
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The  Account  of  a 
Meridian  of  Greenwich. 


Bearing*  from  the  Pinlleli  to  the  Meridian. 


At  Wendovtr. 
Pitchcot  Windmill 
Ivinghoe  Spire  . 
Quainton  Steeple 
Lcightou  Buzzard  Spire 

At  Quainton. 
Southern  Obelisk,  Stow  Park 
Northern  Obelisk,  ditto 

At  Kinrwortb. 
Aylesbury  Spire 
Mauldcn  Steeple 
Harlington  Steeple 
Mill  brook  Steeple 
Strctlcy  Steeple 
Sauldon  Windmill 

At  Bow  Brickbill. 
Hanslope  Spire 
North  Crawley  Steeple 
Pavenham  Spire 
St.  Paul's  Spire.  Bedford 
Sharnbrook  Spire 
Woburn  Market-House 
Ridgemont  Station 
Wootton  Spire 
Cranrield  Spire 
Husbornc  Crawley  Steeple 
Woburn  Steeple 
Souldrope  Spire  • 
Windmill  near  Tharfield 
Tottenhoe  Station 
Chalgrave  Steeple 
Kcysoc  Spire 
Moulshoe  Steejile 
Retinoid  Spire 
Lidlington  Windmill 

At  Lillyboe. 
Knotting.  Green  Elm  Tree 
Raven-lieu  Steeple 
Bow  Brickhill  Steeple 


19  n  59  NW 

45  44  37  N  E 
34  47  1 5  NW 
21  41  la  N  £ 


22  1  36  NW 
21  50  48  N  W 

77  $6  58  S  W 
16  30  28  N  E 
16  12  37  NE 
3    i  41  N  E 

35  »3  47  NE 
60  20  46  N  W 


38  58 
9  4' 

22  IJ 

43  9 
19  21 

73  5* 
72  28 

4'  33 
3°  44 
65  44 

75  33 
16  32 
86  6 
*7  4* 
53  5> 


3> 

2 


44  56 
62  30 


48  NW 

15  NE 

49  NE 
ti  NE 
54  NE 
37  SE 

11  NE 
7  NE 

is  NE 
51  NE 

58  SE 
49  NE 

12  NE 
7  SE 

5  S  E 

59  N  E 
30  NW 

16  N  E 

6  N  E 


16 

7 
73 


17  56  N  W 
zj  2  N  W 
20  18  N  W 


Diiuncc* 
from  mend. 


Feet. 
I91077 

•431*7 

205750 
150616 


"7554 
228505 


190234 
102962 
1 10395 

>>773» 
99961 
178643 


185668 

»455z9 
122215 

104408 
•*3S33 

»39J55 
130927 

120265 

136284 

136827 

•39373 
1 2486 1 

"577 
13041a 
1 1 62 1 5 

95682 

>S243a 
91651 
125855 


117482 

95 '4* 
151490 


HitwKJt  Steeple 
Ampthill  Steeple 
St.  Neot'i  Steeple 


39  6  jNW 
ij  31  |6  N  I 
47    J  JONW 


109957 
59630 
101236 


203041 

27347S 
188.18 


Art.  xxxv.  Latitudes  and  Longitudes  of  sucb  Places,  in  the 
Series  0/1797  and  1798.  «  *>«*  t0  tbe  Merididns 


Meridian  of  Black  Down. 

Lonptu^e  fr»"> 
Black  Dowb. 

Walton  Windmill 
Wrttimzovland  Steeple 
Mtddlczoy  Steeple 
Chedioy  Steeple 
Higlum  Windmill 
Highun  Steeple 
Bridg«w»ter  Spire 
Somerton  Steeple 
Burton  Pynscnt  Obelisk  - 
Wesllelgh  Steeple 
Brittol  Cathedral 
Redcliff  Steeple      -  - 
Long  Alton 
Uifdcn  Windmill 

S'    6  59  S 
51    6  J3.» 
s«   $  38. 3 
j,    8  $,. 
|l    4  21.8 

5'    4  34^ 

5«    7  4°>7 
51    3  '7-3 
}i    1  21,6 

51  30  494 
ft  27  6,3 
51  26  54.8 
51  26  9,1 

$1  *S  S7>* 
cl  10.  1Q>4 

O  13  21, |W 

0  1»  J2.9W 

O  20  38,8  W 

0  23  33.7  W 
0  l«  i8,6W 
0  16  18,5  w 
0  27  i6»3w 
0  10  41-?  w 
0  20  22,7  w 
0    6  12,  oE 
0    3  6,iW 
0   t  18,0  w 
0    5  4I.SW 
0   5  5.3* 
0   j  19-3 w 

L*i(itwl<  wm  of  Crtenwidi. 
In  degm*.    1  <«»* 


2  45  44-5 

1  44  3S>3 

2  S3 

2  5$  56.1 
2  47  41,0 
»  4*  4°-9 
2  59  38-7 
»  43  J'1 
2  52  45,1 
2  26  10,4 


»  35 

*  3i 
2  3« 

2  37 

2  37 


28,6 
50,4 
3*7 
25.7 
4'.7 


m.  >■ 

11  *.9 

10  58,3 

11  32,1 

11  43.7 

11  10,7 

11  I4'7 

11  58.6 

10  52,3 

11  31 

9  44-7 

10  21,9 

10  19,3 

M  297 

10  30,8 

irk  tin  61 
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Name*  of  the  Object*. 

Latitude. 

Longitude  from 
Black  Down. 

Longitude  wett  0 
In  degree*. 

f  Greenwich. 

In  time. 

Douhing  Spire 
Devizes  Steeple 
Frome  Steeple 
Cold  Aston 
Puckle  Steeple 

Men 

ci  ii  11.4 

51  ai  25.$ 

S»  «3  47-9 
51  a6  53.9 

5I   29  10,2 

'dian  of  Bu 

0    a  29,3  E 
0  33  51. 2  E 
0  13  40,8  E 
0  1 1  38,0  E 
0   6  49,6  E 

tterton  Hilt 

0    1  « 
2  29  53.I 

a  58  31.2 
a  18  41,6 
a  20  444 
t  *s  S*.» 

r. 

HI.  S. 

9  S9'5 
"  54»i 
9  14.7  " 
9 

9  42.* 

Name*  of  Object*. 

Latitude. 

Longitude  from 
BuUerton  Hill. 

Longitude  weal  c 
In  degieej. 

f  Grtenw  ich. 
la  time. 

Hope's  Nose,  Torbay 
Wcrrington  Steeple  • 
Boyton  Steeple 

lxuiiit  rciiiciwni 

St.  Stephen's  Steeple 
Stokeclimsland  Steeple 
Launceston  Steeple 
Launceston  Castle 

Meria 

jo  27  48,5 
50  39  52,2 
$o  4a  14,9 

CO  AO  C2.C 

50  38  $0,3 
50  3a  jj,8 
50  38  18,1 
50  38  16,8 

ian  of  St.  j 

0  20    4,4  E 
0  28  19,4  w 
0  29   6,1  W 

O   t2  IC.tW 

0  28  32,6  w 

0  *4  47.S  W 
0  17  54,1  w 
0  27  57,9  W 

ignes  Beac 

0     1  « 

3  43.> 

4  *i  6.9 
4  2t  53.6 
4  25  2,8 
4  21  20,1 

4  «7  3S.o 
4  10  41,0 

4  *°  4$. 4 

m. 

m.  s. 
13  46.9 
'7  *4»4 
>7  '7.$ 
17  4.0,2 

»7  «5.J 
17  >o.3 
17  22,7 
17  23 

Longitude  from 
St.  Agnes  Beacon 

Longitude  wett 
la  degrees. 

of  Greenwich. 
In  time. 

St.  Minyern  Steeple 
St.  Minvern  Windmill 
St.  Iscy  Steeple 
St.  Merian  Steeple 

JO  33  30,6 

5°  3«  SS.S 
50  30  36,0 

5°  3«  S9>3 

0    ,  » 

0  20  28,1  E 

0  23  83,5  E 

0  17  36,6  E 

0  13  13,8  E 

4  5"  *7.6 
4  48  32,2 

4  S4 

4  S«  3««9 

m.  S. 
19  *S>8 
19  14,1 

'9  37.3 
19  S4.« 

Art.  xxxvi.  Latitudes  and  Longitudes  of  sucb  Places,  in  the 
Series  of  1799,  as  have  been  referred  to  the  Meridians  of 
Dunnose  and  Greenwich. 

Meridian  of  Dunnose. 


Names  of  Object*. 

Latitude. 

Longitude  from 
Dunnose 

Longuude  west  , 

>f  Greenwich. 
In  time. 

Warwick  Steeple 
St.  Mil-tin's  Spire,  Coventry 
Soleyhull  Spire 
Dunchurch  Windmill 

0    ,  « 
5a  16  53,0 

Sa  *4  lS>4 
5*    *  3°>4 
52  20  4,6 

0  23  18,3  W 
O  18  29,$  W 
O  34  13,8  w 
0    5  32,5  W 

0  ,  « 

•  34  54.3 

1  3°  S-S 

•  4S  49>3 
»  17  8,5 

m.  s. 
6  19,6 
6  0,3 

9  3.3 
5  «.6 
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m 


ot*4«3  \iU  - 


j3  5' 


Hilli 


Adderbury  Spire 

Farthingo  Steeple 

Round  House,  Kdg 

Round  House  Win 

Winerovc  Steeple 

Hardwick  Steeple 

Luggcml  Steeple,  Bucks 

Granborongh  Steeple  - 
Bicester  Steeple 
Abingdon  Spire 
WalUngford  Steeple 
Great  CoxweU  Windmill 
Drayton  Steeple 
Highworth  Steeple 
Witney  Spire 
Bampton  Steeple 
Radley  Steeple 
Buckland  Steeple 
Witchwood  Bracon 
Stow  on  the  Wold  - 


Walford  Spire 
Islip  Steeple 
WootUtock  Steeple 


o 

59 
7 
7 
5' 
S« 
5° 


51.0 
4J.i 
15,6 

H.4 
46.8 
+7.8 

57.3 

J. 8 

38  59.8 
38  35 
37  5«-4 
46  49,9 

44  '['* 
ji  40  58,} 

5'  40  53.3 
c,  50  9.8 
ji  55  46.9 
51  54  ,6>4 

51  59  ".5 

52  o  31.0 
51  49  l0>7 
S»  50  47.4 
S«  49  44<6 


5"  55 
5'  53 
51  40 
51  36 
S> 
5' 
S1 
S1 

s« 


I 

'5 
>5 
*7 
** 

9 

lS 

1 

5 
4 

6 
jo 

17 
so 

J« 
tl 


41,4  W 
i8,4W 
32.0W 
28.7  E 
2,6  E 
17,2  E 
45.*  E 
48.9  * 

>6,i£ 
32,4  W 
30,1  w 

38.IW 

6,9  w 

5«-9w 
57-4* 
21,1  W 
2I.6W 

13.6  W 

49.9  2 

20.7  w 

I2.SW 

zi,9  W 

»45W 
S'.9«' 


1  «3 
1  26 

1  *7 
o  44 

0  49 

1  2 
0 
1 
1 
I 
I 
I 
1 


4* 

t  28 

•  31 
1  43 
1  29 

1  3» 
»  4* 

•  34 
1  44 
«  37 
1  '3 
1  21 


18,4 

sn 

7.J 

*M 
18,8 

50,8 

47.' 

59.8 
8,4 
6,t 

14.' 
42,9 
27,9 
33-4 

59.6 
25,9 

48.5 


5  7.9 
o 


1  16  »7.9 


Meridian  of  Greenwich^ 


4  53.' 
s  48.6 

*  56-5 

3  18,2 

4  9>* 

3  3'»4 

4  3?.' 

5  6.5 

J  28,5 

5  ">4 

6  48,9 


54.8 
9.8 

54,5 
59.8 

7.8 

51.9 

17-7 

59.8 

!'*» 
55-8 
*4 


Drobj««* 


Lititudr. 


Loegilude  wo 
In  <U«rec«. 


of  Cr«»wi<* 
I*  lime. 
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Name*  of  Object*. 

Latitude. 

Longitude  weat  « 

In  degrccj. 

J^cignion  Duzzara  opirc 

• 

5« 

54 

1 

56,5 

• 

O 

1 

39 

■ 

54.4 

m 
2 

s. 

39.6 

Aylesbury  Spire  • 

5» 

49 

18.9 

0 

5° 

18 

3 

21.2 

Hanslopc  Spire    •  * 
XNorm  \^iawiey  op  ire 

S» 

6 

45>* 

O 

49 

17.8 

3 

>7.» 

5* 

5 

J  1*1 

O 

38 

38.4 

2 

34-5 

Pavenham  Spire 

5* 

ll 

36,3 

O 

32 

27,0 

2 

9.8 

oi-  r jui  s  opircj  dcuiotu 

5* 

8 

8,8 

0 

27 

43-3 

1 

50,9 

onarnDiouK  opire  - 

5* 

12 

55.' 

O 

3« 

48,0 

2 

1 1.2 

W  ODlirn  M JJK.CC-MOUSC 

5' 

59 

J  7.4 

O 

3G 

S8.S 

2 

2l'9 

Woburn  Steeple 

5' 

59 

21.8 

O 

37 

o.3 

2 

28 

i\.iugcmoci  oiauoii    -  - 

5' 

o 

5°»4 

O 

34 

457 

2 

'9 

▼vootton  oiccpic 

S2 

5 

39-* 

O 

3« 

S5'7 

2 

7.7 

\-ranncfu  opirc 
HusDonie  Crawley  oteepie 

S2 

4 

3.' 

O 

36 

11, 1 

2 

*4»7 

^* 

o 

57.° 

O 

36 

19,8 

2 

*5.3 

5* 

'4 

38,6 

O 

33 

9.' 

2 

12,6 

Windmill  r\Mr  Th»rfi#>lr1 

wiiiGniiii  near  i  namciu 

s» 

1 

30.9 

O 

3 

JO,+ 

O 

'3.3 

i  onennoc  oianon    *  * 

Si 

S3 

.8,9 

O 

34 

37.5 

2 

i8,j 

V-najgravc  otecpie 

$i 

55 

40.2 

O 

30 

5«>4 

3.4 

Kcysoc  Spire  - 

5* 

H 

$8.5 

O 

*S 

*4>3 

4«»6 

Mouhtioc  oteeple 

s* 

a 

S9-° 

O 

40 

39-6 

4».6 

D_l,.U  C .-.Ir- 
lS  Cn  nolo  opire 

5* 

9 

41.5 

O 

*4 

20,1 

37-3 

Xiicjington  wmnmui 

S2 

s 

4-* 

O 

33 

2S.0 

'3-7 

JVlauKico  otcepic 

S2 

1 

52,2 

0 

»7 

20,2 

49'3 

Harlington  Steeple 

5' 

57 

48.4 

0 

29 

18,6 

S7.a 

Mill  brook.  Steeple  * 

s» 

1 

43.6 

0 

3> 

'S-S 

5 

ocrcijcy  oiccpic       -  * 

s« 

S6 

42,8 

0 

26 

12^1 

44.8 

C  1 1 1  In  ah  \X*  1 1  kfl  m  ll  I  - 
O.lU  IUOII    TT  1  HUH  lilt 

51 

57 

9.7 

0 

47 

26.9 

9.8 

J* 

15 

26,6 

0 

3' 

11.5 

4«7 

Ravcnsden  Steeple  ~ 

5* 

10 

33>9 

0 

*5 

«5-7 

4« 

iJow  DncjLniu  otecpie 

S2 

e 

1.1 

0 

40 

'3-4 

40,9 

\_.  U  1 1 1 1  «  tJI  LIl  OL.UIC 

S2 

12 

49'3 

0 

22 

27,0 

28,5 

Sundon  Windmill 

S« 

57 

0 

28 

57»o 

55.* 

OlISOv  OlCCpjC  • 

S2 

0 

33.° 

0 

*5 

•1*4 

4". 4 

Flitton  Steeple 

52 

0 

4*.' 

0 

27 

'4»4 

48.9 

SMliington  Steeple  - 

S1 

59 

3«.7 

0 

21 

45.o 

*7 

Westoning  Steeple 

S' 

5^ 

2.7 

0 

30 

5  >9 

0,4 

Wrest-Garden  Obelisk 

S2 

0 

16,2 

0 

*5 

.0,7 

40.7 

Flitwick  Steeple 

5' 

59 

j8,6 

0 

30 

27.1 

1.8 

AmpfhiH  Steeple 
St.  Neot's  Steeple 

52 
S2 

1 

»3 

57.8 
34-7 

0 

0 

29 
»5 

««»7 
49-9 

S6-7 
3>3 

Pollux  Hill  Steeple  - 

5» 

59 

31,2 

0 

*7 

».7 

48.6 
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Drake's  Island,  41-  40'  8";  therefore,  the  bearing  of  the  latter 
from  the  meridian  is  71°  7'  40" ;  consequently,  its  distance  from 
the  meridian  is  60531  feet,  and  from  the  perpendicular  90698 
feet,  which  respectively  subtend  9'  53"6>  and  3'  h"j5- 
with  the  latitude  and  longitude  of  Butterton,  50*  84'  46",S 
and  3»  5a'  47",5,  give  50'  21'  2i",i  for  the  latitude,  and  4*  8' 
i7»,9  for  the  longitude,  of  the  flagstaff  on  Drake's  Island. 

The  latitude  and  longitude  of  this  spot  was  determined  by 
Mr.  Bayley,  in  the  year  1798.  The  observations  fortheformer 
were  as  follows  s 

50°8l'20"     O's  ll. 

50  81  30,5  ditto. 

50  21  31  ditto. 

50  ai  89    *  Aquila?. 

50  si  s6,5  «Ophiuchi. 

5o  8i  55  o'SLL.Tliemeanoftheseis50»8i'28»l5. 
The  place  chosen  by  Mr.  Bayley,  as  I  lave  been  lately  in- 
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St.  Andrexv'sor  the  Old  Cburcb,  at  Plymouth. 

The  angle  at  Butterton,  between  the  Old  Church  tower  and 
Kit  Hill,  is  s7°  45'  5",a ;  its  bearing,  therefore,  south-west  from 
the  meridian,  is  75"  1'  56" ;  consequently,  its  distance  from  the 
meridian  is  57505  feet,  and  from  the  perpendicular  15374  feet. 
These  respectively  subtend  r/  24",  and  2'  32",i :  hence,  its  lati- 
tude becomes  500  22'  13"/),  and  longitude  4"  7' 31  ",6=  i6m 
3o*,i  in  time,  west  of  Greenwich. 

As  it  is  of  very  great  importance  that  the  truths  of  the  con- 
clusions given  in  this  Work  should  receive  support,  wherever 
I  can  find  it,  I  think  it  right  to  mention  the  result  of  his 
Excellency  the  Count  de  Bruhl's  endeavours  to  ascertain  the 
longitude  of  Plymouth,  by  means  of  chronometers.  The  fol- 
lowing is  a  copy  of  his  communication,  made  in  the  year  1795- 

Journeyfrom  Plymouth  to  London. 

Green  Timekeeper. 

June  8th,  f  Mr.  Mudce's  clock*  at  Plymouth,  fast  for  mean  time  o"  32",  15 
1783.  \  Timekeeper  faster  than  Mr.  Mudce's  clock    -      o  25  ,6 

idon  clock        -       14  29  ,4 
time       -        -       o  36,5 


,     J  Timekeeper  slower  than  London  clock  14  29  ,4 

*      \  London  clock  slow  for  mean  time 


Difference  of  longitude        -  16  3,65 

Blue  Timekeeper. 

Iunc8th  S^t.  Mudce's  clock  at  Plymouth,  fast  for  meantime  o"32*,i5 
J  '[Timekeeper  faster  than  Mr.  Mudce's  clock     -     o  37  ,4 

,      f  Timekeeper  slower  than  London  clock       -        14  17,2 
1 *       \  London  clock  slow  for  mean  time        -       -  036,5 

Difference  of  longitude  •  16  3.25 

Mean  difference         -  -        163  ,55 

The  longitude  of  St.  Paul's,  west  of  Greenwich,  is  23*, 1  in 

•  It  is,  perhaps,  right  to  observe,  that  Mr.  T.  Mudce's  transit,  at  Plymouth,  was 
made  by  the  late  Mr.  Biro,  and  properly  set  up  between  stone  pillars.  The  clock,  tlic 
entire  work  of  his  own  hands,  was  a  most  excellent  one. 
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time;  and  Mr.  Dotton's  house  in  Fleet-street  is  about  a*  west 
of  St.  Paul's  ;  *  wherefore,  its  longitude  west  of  Greenwich  is 
«5' :  consequently,  i6m  $,55  -f  25*  =  16™  ^,55,  is  the  dif- 
ference of  longitude  between  Greenwich  and  Plymouth,  as 
shewn  by  the  timekeepers. 

Now  the  meridian  of  Mr.  Mudge's  transit-room,  at  Plymouth, 
passed  only  35  feet  to  the  eastward  of  the  centre  of  St.  Andrew's 
Tower,  his  northern  meridian  mark  being  on  the  church  itself; 
therefore,  the  longitude  of  the  church  and  transit-room  may  be 
considered  the  same.  From  the  survey,  we  find  it  to  be 
i6m  30', 1 ;  and,  from  Count  Bruhl's  determination,  making  a 
just  allowance  for  the  difference  of  longitude  between  the  late 
Mr.  Dutton's  house  and  Greenwich,  i6m  28',$. 

It  is  left  for  the  public,  and  this  learned  Society  in  parti- 
cular, to  determine  how  far  the  near  agreement  of  these  several 
methods,  tends  to  corroborate  the  assertion  I  have  advanced,  of 
the  dependence  which  may  be  placed  on  the  deductions  drawn 
from  the  observations  made  at  Beachy  Head  and  Dunnose.  If 
there  had  been  only  one  watch  employed  on  the  occasion,  the 
result  would  not  have  been  so  satisfactory  as  the  circumstance 
of  two  being  used  seems  to  make  it.  As  the  occasion  calls  for 
the  remark,  before  I  dismiss  this  article,  I  must  observe,  that 
the  highest  advantages  would  accrue  to  geography,  were  the 
ideas  of  the  Astronomer  Royal  carried  into  execution,  (and  which 
I  shall  endeavour  to  do  at  some  future  period,)  respecting  the 
discovery  of  the  difference  of  longitude  between  Greenwich 
and  some  very  remote  point  on  the  western  side  of  the  island, 
(St.  David's  Head  for  instance,)  by  means  of  timekeepers, 

*  According  to  Hon  wood's  Map  of  London,  the  distance  from  the  centre  of  St.  Paul's 
to  Bolt  Court,  at  the  comer  of  which  Mr.  Dvtton's  house  is  situated,  is  31  chains. 
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carried  backwards  and  forwards  in  the  mail  coaches.  If  this 
excellent  .scheme  were  executed,  and  the  watches  employed 
equal  to  the  best  now  made,  it  is  probable  that  the  true  diffe- 
rence of  longitude  would  shortly  be  determined.  The  geodetical 
situation  of  St.  David's  Head  will,  ere  long,  be  ascertained  from 
a  prosecution  of  the  survey :  a  knowledge,  therefore,  of  its  true 
longitude  would  be  attended  with  eminent  advantages. 

Lizard  Light- Homes. 

The  light-houses  on  this  head-land  were  observed  from  Per- 
tinney  and  Karnbonellis.  At  the  latter,  Pertinney  bears  74,° 
22'  41"  south-west,  from  the  parallel  to  the  meridian  of  St. 
Agnes ;  and,  as  the  angle  between  the  western  light-house  and 
Pertinney  is  780  40'  5",  it  follows,  that  the  bearing  of  the  light- 
house from  the  said  parallel  is  40 17'  24"  south-east.  Computing 
with  tliis  angle  and  the  distance  from  Karnbonellis  to  the  light- 
house, we  get  3344  feet,  and  126499  feet,  for  the  distances  of 
that  object  from  tl»e  meridian  and  perpendicular  of  St.  Agnes : 
therefore,  admitting  the  length  of  the  degree  in  the  meridian,  in 
the  middle  point  between  St.  Agnes  and  the  light-house,  to  be 
60850  fathoms,  and  61 182  for  the  length  of  a  degree  of  a  great 
circle  perpendicular  to  it,  we  get  20'  4/',4,  and  S2",8,  for  the 
small  arcs  which  those  spaces  respectively  subtend.  These 
data,  with  the  latitude  and  longitude  of  St  Agnes,  50°  18' 
27",  and  5B  it*  S5">7>  g*ve  lne  latitude  of  the  light-house  = 
490  57'  44",  and  longitude  west  of  Greenwich  50  1 1'  4",8,  in 
time,  2o»44%3. 

This  light-house  was  also  observed  from  the  station  on 
Karnminnis.  The  triangle  resulting  from  that  observation, 
together  with  the  angle  at  Karnbonellis,  is 


jidbcJ 

fat  and  1*6489  ^  ,ri5tJP 


tance  first  given  is  most  correct,  as  the  two  light-houses  appear- 
ing nearly  in  the  same  line  at  Karnminnis,  was  the  means  of 
preventing  us  from  clearly  distinguishing  the  apex  of  either, 
and  it  was  principally  on  this  account  that  we  preferred  the  ob- 
servation made  at  Pertinney.  The  agreement  however  proves, 
hat  no  inconsistency  can  be  found  to  obtain  with  respect  to  the 
data  before  given,  for  settling  the  situation  of  this  important 
headland. 

In  the  Philosophical  Transactions  for  1797,  page  5°*»  Jt  * 
mentioned,  that  the  distance  from  the  spot  where  the  late  Mr. 
Bradley  made  his  observations,  to  the  place  where  his  meridian 
mark  was  fixed,  was  800  feet.  But  there  appears  to  be  some  in- 
consistency in  this  particular;  as  Mr.  Bradley's  own  words,  in 
an  extract  of  a  letter  now  before  me,  are,  it  was  just  480  feet. 

Adding  to  this,  24  the  distance  betWCe"  thC  Plaf  y  J" 
meridian  mark  and  the  line  joining  the  centre  of  the  light- 
houses, we  get  the  distance  of  the  point  O,  or  the  place  of  the 
,„™Pk;i  Trans  ttq7.  D.  «>2,)  from  the  line  join- 
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Mr.  Bradley's  observations  for  finding  the  latitude,  were 

made  with  a  quadrant  of  one  foot  radius,  the  workmanship  of 

Mr.  Bird  ;  they  were  as  follows. 

Nine  meridional  altitudes  of  the  sun's  limb,  the 
extreme  results  of  which  were  49*57'  27',5  and 
49°  57'  44?">  gave  *°r  tne  latitude  of  the  Obser- 
vatory -  49°  57' 35" 

Six  meridional  observations  of  the  Pole  Star  be- 
low the  Pole,  the  extreme  results  of  which  were 

49°  57'  35"  and  49°  57'  2°">4>  gave  for  ^  la" 

titude  -  -  -  -  49  57  *3 

Thirteen  observations  of  Arcturus,  a  Corona?  Bo- 
realis,  and  a  Serpentis,  the  extreme  results  of 
which  were  49'  57'  54",7  and  49°  57'  2",7,  gave 
for  the  latitude  -  -  -         49  57  29 

Fifteen  observations  of  «,  (3,  y  Draconis,  the  ex- 
treme results  of  which  were  49*57'  22",2  and 
49°  57'  2"7»  gave  for  the  latitude  -         49  57  33 

The  mean  of  which  is  -  49  57  30 
According  to  the  trigonometrical  operations,  the  latitude  is 
49"  57'  44" ;  there  is,  therefore,  a  difference  of  14"  between  the 
results ;  a  quantity  so  large  as  justly  to  excite  surprise,  if  it  were 
not  generally  understood,  that  much  dependance  cannot  be 
placed  on  observations  made  with  an  astronomical  quadrant 
precisely  similar  to  that  made  use  of  by  Mr.  Bradley.  The 
extreme  results  in  the  above,  differ  so  widely  as  to  authorise  the 
truth  of  the  supposition  on  this  occasion. 

The  longitude  of  the  Lizard  was  determined  by  the  transit 
of  Venus,  Sun's  eclipse,  transit  of  the  Moon,  and  two  emersions 
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of  Jupiter's  first  satellite,  as  particularly  set  forth  in  the  Preface 
to  the  Nautical  Ephemeris  of  1791.  The  conclusions  were  as 
follows. 

Four  transits  of  the  Moon,  calculated  by  Mr.  Wales, 

gave  for  the  longitude  -  -  aom  30*  ,6 

Two  emersions  of  Jupiter's  first  satellite,  calculated 

by  ditto  -  -  -         -  21  14  ,5 

PDoctor  Maskelyne  20  57  ,0 
Transit  of  Venus,  calculated  byJ  Mr.  Witchell   -  2056,5 

[Mr.  Wales  -  20  57  ,o 
Mr.  Witchell  -  20  44,  ,5 
Mr.  Sejour  -  20  45  ,1 
Mr.  Euler  -  20  59  ,0 
Mr.  Lexel       -      20  51  ,0 


Sun's  eclipse,  calculated  by 


Mean  of  the  whole  -  20  52  ,12 
From  the  trigonometrical  operations,  we  find  the  longitude 
in  time  to  be  20™  44',3 ;  there  is,  therefore,  a  difference  of  7^82 
between  these  different  determinations:  this  is,  probably,  as 
near  as  we  could  have  expected  to  find  it;  yet  it  can  scarcely 
be  supposed,  that  of  this  difference,  more  than  2*  can  be  laid  to 
the  account  of  the  survey. 

In  the  Philosophical  Transactions  for  1797,  p.  502,  it  is  ob- 
served, that  angles  were  taken  at  the  Lizard  Light-house  and 
Naval  Signal-Staff,  to  determine  the  situation  of  the  Point  it- 
self. This  Point,  marked  P  in  the  diagram,  makes  an  angle 
of  20  23'  16"  S  W,  with  the  parallel  to  the  meridian  of  St.  Agnes 
at  the  station  on  Karnbonellis,  and  is  therefore  636,6  feet 
from  that  meridian,  and  126394  feet  from  the  perpendicular; 

therefore  490 57'  4o",6  is  the  latitude   T  -  h  .  point 

and  5  1 1  46*        the  longitude  J 

4  R  2 
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Stilly  Islands. 

To  determine  the  distances  of  the  objects  in  these  islands, 
from  the  stations  near  the  Land's  End,  with  sufficient  accuracy, 
proper  corrections  were  made  for  reducing  the  horizontal  angles 
to  those  formed  by  the  chords.  On  the  present  occasion,  it  will 
be  right  to  use  the  horizontal,  and  not  the  chord  angles ;  the 
distances  from  the  meridians,  and  from  their  perpendiculars, 
being  computed  on  the  supposition  of  the  earth's  surface  being  a 
plane,  which,  within  the  limits  of  our  fixed  meridians,  may  be 
considered  as  true. 

The  angles  for  finding  the  distances  of  these  objects  are  given 
in  the  Philosophical  Transactions  for  1797,  p.  503;  from  whence, 
and  the  data  contained  in  this  Work,  we  get  the  bearing  of 

the  Day-mark  in  the  Island  of  f  ^-  Bury  an  75*  44'  52"  S  W 
St  Martin's  from  -  Pertmney  71  14  82  SW 
fct.  Martin  s  irom  [Sennen   -     75  30    9  S  W 

which,  combined  with  the  distances  of  the  stations  from  the 
meridian  of  St.  Agnes,  give 

2^6R01 1*®6^      *hc  distance  °f  tne  Day-mark  from  the 
24682 1 J    mer^an  °f     Agnes ; 
and  122409 1 

122410  [feet,  for  the  distance  of  it  from  the  perpendicular. 
122414J 

The  mean  of  the  first  is  246809  feet,  and  the  mean  of  the  last 
122411  feet;  but  the  latter  becomes  122419,  because  a  line 
drawn  from  the  Day-mark,  perpendicular  to  the  meridian  of 
St.  Agnes,  cuts  that  meridian  eight  feet  below  the  parallel. 
Again,  wc  get  the  bearing  of 

the  Windmill  -  -  -  Tin  the  Island  of  St.  f  Pfrtinncy  -  6j*3i'30*SW 
the  Flagstaff  of  the  Fort  /    Mary,  from        \  Pertinney    •       66  53    5   S  W 


>m  the  roeridans,  and  from  their  pa?ec- 
,tcd  on  the  s.:r-x:tion  of  the  ear^s^^ 
^totheamitsofourli^w^-' 

St  Burnt.  Wji 
the  Wand  of  Pcrtinn'ey  ilj'a 

,j:n      -     ( Somen  -  3"  ; 

Sr.  Antics,  gmc 


tri  in 
n'sfruni 


265879)^'  for  the  distance  from  the  meridian,  and 

1491  s8}feet»for  the  distanccfrom  the  perpendicular  of  St.  Agnes. 

The  mean  of  the  first  is  265872  feet,  and  the  mean  of  the  last, 
when  corrected,  149133  feet. 

With  the  above  data,  and  also  the  latitude  and  longitude  of 
&t.  Agnes,  we  get 

(Day-mark  in  St.  Martin's  -  49*5*'  *'.9 
Windmill.  St.  Mary'*  -  -  49  54  31,7 
Flagstaff,  ditto    -         -  49  54  59. 1 

St.  Agues  Light-House*    -      -   49  53  3*»* 


and  longitude  west 
from  St.  Agne*. 


flagstaff       1  6    a. 7    I  «>an  of  Orccn- 


agsl 

Light  House  1  7  J7.7 


wich. 


■  6«  14'  j8',8 
6  16  58  .7 
6  17  57  »4 

.6  19  zi  »4 


fn  Time. 

»4"58'.6 

'S  7  .9 
25  ii  ,9 

»5  *•  .5 


•  In  the  Rtquiiite  Tabla,  published  by  order  of  the  Board  of  Longitude,  the  lati- 
tude of  the  Scilly  Lights  is  said  to  be  49«56'o',  and  longitude  6*  46*  o*.  The 
latitude,  according  to  the  surrey,  is  49°  53"  j6*,B,  and  longitude  6*  i9**j*,4.  An 
error  of  1' 13' in  the  latitude,  may  not  perhaps  be  considered  extraordinary!  but 
how,  in  a  maritime  country,  like  our  own,  where  chronometers  are  in  such  constant  use, 
so  great  an  error  as  36'  3;*  ( 1*  46"}  in  time}  in  the  longitude,  should  have  remained 
undetected,  ettnttin*  hv  one  txuoa.  is  tumruiur.   1.  Huddailt.  Eta.  viiitcd  tlu 
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The  Observatory  of  his  Grace  the  Duke  of  Marlborough,  at 

Blenheim. 

The  staff  erected  over  the  quadrant,  was  observed  from 
White  Horse  Hill  and  Whiteham  Hill.  At  the  former  station, 
the  latter  makes  an  angle  of  36°  30'  13", 5,  with  the  parallel  to 
the  meridian  of  Dunnose.  The  staff",  therefore,  bears  from  the 
parallel  25*59'  29">75  NE. ;  consequently,  its  distance  from  the 
meridian  of  Dunnose  is  36540  feet,  and  front  the  perpendicular 
446458  feet.  These  respectively  subtend 5'  58'',3,  and  i°  1 3*2 1  ",4; 
therefore,  the  latitude  of  the  Observatory  is  51°  50'  s8",3,  and  its 
longitude  9'  $$",9  from  Dunnose :  but  i°  1 1'  36"  is  the  longitude 
of  that  station ;  therefore,  i°  21'  15"^,  or  5'  25",9  in  time,  is  the 
longitude  of  the  Observatory  west  from  Greenwich. 

As  the  meridian  of  Dunnose  passes  at  no  great  distance  from 
that  of  Blenheim,  I  have  deduced  the  latitude  and  longitude  from 
the  former,  to  avoid  the  errors  which  creep  in,  when  computa- 
tions arc  carried  on  from  remote  meridians.  It  may  be  worth 
while,  however,  to  show  that  the  extent  of  those  errors  would 
not  be  great,  were  the  meridian  of  Dunnose  neglected,  and 
the  Observatory  at  Blenheim  referred  to  the  meridian  of 
Greenwich. 

The  distance  of  White  Horse  Hill  from  the  meridian  of  Green- 
wich is  found  to  be  356050  feet,  and  from  its  perpendicular 
39425  feet ;  the  bearing  of  Nuffield,  from  the  parallel  at  that 
station,  being  89° 59'  27"  S  E.  Blenheim  will,  therefore,  be  found 
to  bear  26°  55'  25"  N  E  from  the  parallel  at  White  Horse  Hill ; 
consequently,  its  distance  from  the  meridian  of  Greenwich  is 
307224  feet,  and  from  its  perpendicular  135569  feet.  These 
give  the  arcs  50'  12",4,  and  22'  i6",i ;  from  whence  we  get 
51°  50'  28",!  for  the  latitude,  and  1*  21'  16"  for  the  longitude. 
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Observatory  at  Oxford. 
The  angle  at  the  station  on  Shotover,  between  the- Atlas  on 
the  top  of  the  Observatory  and  the  parallel  to  the  meridian  of 
Dunnose,  is  790  50'  5i",75  N  W:  therefore,  its  distance  from 
the  meridian  is  14719  feet,  and  from  the  perpendicular  416985 
feet.  The  figure  representing  Atlas  is  33  $  feet  due  east  of  the 
Quadrant  Room ;  consequently,  no  correction  will  be  required 
in  the  computed  latitude.  The  space  14719  feet  subtends  an  arc 
=  a'  24",3,  and  416985  feet  an  arc  of  i°  8'  3o",8.  These  data, 
with  the  latitude  and  longitude  of  Dunnose,  give  5 f  46'  S*' 
for  the  latitude,  and  i*  15'  *9">*  for  the  longitude,  of  the  Obser- 
vatory. As  in  the  former  case,  with  respect  to  Blenheim,  so  in 
the  present  instance,  it  is  immaterial  whether  the  calculations 
be  carried  on  from  the  meridian  of  Greenwich  or  that  of  Dun- 
nose,  as  differences  of  only  oM  in  both  the  latitude  and  long.tude 


\ntittc 


6^6  The  Account  of  a 

determinations ;  from  which,  and  the  above,  we  have  the  follow- 
ing comparisons : 

Degrees.  Time. 

Latitude  /obsOTVcd    5«'4S'39'.5       Longitude  west  f  i»  15'  5"  i»»5 

\  computed  51  45  38,0      from  Greenwich. \  1  15  29  , a       5  1,9 

I  conclude  this  article  with  expressing  an  opinion,  that  the 
coincidence  between  the  computed  and,  no  doubt,  accurately 
observed  longitude  of  this  Observatory,  affords  strong  reason 
for  supposing,  that  the  operations  at  Beachy  Head  and  Dunnose, 
in  1794,  for  finding  the  length  of  a  degree  of  a  great  circle 
perpendicular  to  the  meridian  on  the  earth's  surface,  were  made 
with  the  required  accuracy. 


SECTION  THIRD. 

Trigonometrical  Sun>eys  of  the  Northern  and  Western  Parts  of 
Kent,  the  County  of  Essex,  and  Parts  of  the  adjoining  Counties, 
Suffolk  and  Hertford,  executed  in  the  Tears  1798  and  J  799. 
(See  Plate  XXXII.  j 

It  will  be  convenient  to  treat  of  the  operations  carried  on  in 
the  north  of  Kent  and  Essex,  before  we  speak  of  those  executed 
in  the  western  parts  of  the  former  county. 

In  a  former  article  I  have  observed,  that  from  the  old  station 
at  Wrotham,  (General  Roy's,)  the  view  towards  the  north  is  ob- 
structed, and  also  that  it  became  necessary  to  select  a  new  one: 
this  station  was  found  to  be  205,5  feet  from  the  other ;  the  dis- 
tance was  accurately  measured,  and  afterwards  the  angle  taken 
at  the  old  station,  between  the  staff*  on  Severndroog  Tower, 
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red  accuracy. 
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lirMi"'"" 


With  tnc  distances  j^r-"-1  «w  '  

S5£  d4T  19'  o",5."we  find  the  distance  of  the  Flag-staff  on 

Sevcmdroog  Tow,  from  the  new  Ration  =  79944 

this  distance,  a  part  of  the  following  triangles  have  their  sides 

Art.  xxxviii.  Principal  Triangles.  

 -   ~-r   '     *   ' 


Xrao  of  itMioni. 


Wrotham 
(Jnveicnd  - 

Stvtrn^roogTovtr  


Obiencd  tablet. 


61  5+  38 
&i  39 


1  Gnvcsefld 


Fco. 
4S57» 

71  ?<S» 


GmTc-cnrf 


95  5J  59 


LL-ngdonHiU 


44886 

SR4-0 


Grnvetend 
Hadleigh  Steeple 


3+  J'  53 
♦3  >»  S« 


Gravrscnd 

Hadleigli 

Hahlow 


30  S4 

41  46  3»— 33 


107  49  5 


c_  6 


Hadleigh  Steeple 

! — w  1 


f  ^6 


Wfcilstow  Steeple      -  -j 


44*39 
34064 
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The  distances  of  Gads  hill  from  Halstow,  and  from  Halstow  to  the  Isle  of  S heppey ,  in 
the  following  mangle,  viz. 

Halstow  128  34  28 
Sheppey     18  18  3 

Gaiibill  give  the  distances  between  Gadshill  and  the  station 

in  thfl  Isle  of  Shcppey  70687  and  70685  feet :  the  mean,  70686  feet,  may  be  taken  for 
the  true  distance. 


Nunct  of  station*. 

Obxrvcd 
mglri. 

Diwance*. 

Hadleigh 

Southend          -  - 

Sb*#€J 

0     t     m  ' 
J«  43  »? 
119  20  5 

^Southend       -       -       •  ^ 

27596 
46204 

To  find  the  distance  between  Langdon  Hill  and  the  spindle  of  the  weather -cock  on 
Raylcigh  Steeple,  we  hare  the  following  quadrilateral. 
Langdon  Hill    1220  2' 46* 
Gravesend    -    64  56  14 
Halstow      -    111  20  14 
Raylcigh     -      61  40  46 

360  o  o,  which  gives  the  distance  from  the  centre  of 
Rayleigh  Steeple  to  the  staff  on  ±*ngdoo  HiU  =  44131  feet  j  but  the  point  on  the  top 
of  Rayleigh  Tower,  over  whkh  the  instrument  was  placed,  was  just  7  feet  farther  from 
Langdon  Hill  than  the  spindle  \  therefore,  44131  +  7  =  44«38  feet,  is  the  distance 
between  Langdon  Hill  and  the  station  on  the  steeple. — The  angle*  in  the  following  tri- 
angles, 

Hadleigh  -  134s  it' 55* 
Shcppey  -  16  26  30 
Langdon  Bill 

Langdon  Hill  49  1  5 
Sheppey  -  *7  4  4s 
Hajltigb  give  the  distance  of 

the  Spindh  on  RayWgh  Tower  from  {  \?J&™  HiM  =  Jgj J  }  Feet. 

From  the  preceding  quadrilateral,  the  distance  between  the  spindle  on  Raylcigh  Tower 
and  the  station  on  Langdon  Hill,  was  found  ~  44131  fcet,  which  is  the  same  as  the 
other  determination. 


Halstow 
Shcppey 
PntUcwcll 


Halstow    •  - 
Shcppey 

CantwJtn  Slreplt_ 


Rayleigh 

Prittlcwcll 

Canrtrdcn 


Hadlcigh 
HaUtow 


FUgtlaff  oj  (6f  Garritt*. 
Sbtertttti 


Sevrrndroog  Tower 
Gr»vrscnd 
Purttcct  Cliff 


Raylcigh 
Langdon  Hill 
Ddnbury  Sprr 


Sevrrndroog  Tower 
Lingdon  Hill 
Fritrning  Steeple 


64.  16  58 
55  *4  J4 


PrittltweU 


46BJJ 
5  "43 


73  45  4» 
66  39  49 


53  ?  0 
73  4>  i° 


5*  S*  »♦ 

S6  10  IJ 


I  Canewdf  n 


J  Cane*  den 


J  FUgtlaff 


7121 1 
74461 


5,846 
34060 


17  4»  *3 

20  22  40 

14  >  48  57 
180   o  o 

97  7  *7 
43  "8  1 


26  14  33 
95  *5  ° 
58  10  27 


}  Purflcet  Cliff 


.  Danbury 


t  Framing 


4a4»3 
3549* 


6^746* 

103650 
46312 

I  463M 
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Mean  distance  from  Langdon  Hill  to  Frictniog  Steeple  463,13  feet. 


N|roe»  of  Staioni. 


Frierning  • 

-don  Hill 
Danbury  Sittfilc 


Langdon  Hilt 
Rayleigh 

Signal  Staff,  Sbcebvry-ntss 


Triptree,  old  station 
Rayleigh 
Ft  tinting 


Obicrvtd 
ingle*. 


92  15  6 
45  26  17 


14  27  Z3 
13a  $2  23 


Dittancel. 


S 

V  Danbury 


{ 


Fret. 
49020 
68748 


1  Signal  Staff 


{ 


47  8  5o 
73  4S  24 


,      f  Ravkigh  Tower 
Triptree,  old  station,  from  <j  priernmo. 


Triptree 
Danbury 
RayUigb 


3»  59  »' 

124  20  48 


Dan  bury  Spire  from  Triptree  Heath 


Triptree,  old  station 
Tillingham  Steeple 
Danbury  Spire 


100  28  19 
30  14  40 


Tillingham  from{  £"?bu 


ree 
ry 


Tillingham 
Peldon  - 
Danbury  - 

84  s-  34 

62  39  36 

I  Peldon 

J  -i- 

4*469 

78803 

Tillingham 

Peldon  ... 
Flagstaff  on  St.  Osytb  Priirry 

48  58  50 
83  42  46 

|  Flagstaff      -          -  | 

57433 
43595 

Peldon       -  —  • 
Thorp  ... 
Flagstaff,  St.  Osytb  Prwry 

Peldon  - 
Thorp 
Stoke  Staple 

20  49  10 
3*  47  »8 

jrhorp      -         -  | 

64802 

■  '  -V 
2861a 

74  46  5 
;a   6  31 

1  Stoke       -             -  { 

63931* 
78171 

Peldon  - 
Grc.it  Tey 
O.tnbury 

71  4s  20 
75  5'  >- 

|cirealTcy       -  ^ 

43475 
77204 

83902 
47408 


7405* 
82860 


36000 


S4«7* 
70281 
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Nsmcs  of  the  Sutiocu* 

Observed 
inglei. 

Dittiocci. 

Pcldon  ... 

Great  Tey 

Stoke 

O        >  M 

+6  '4  * 

90  $6  9 

|  Stoke  | 

feet. 
63941* 
46182 

From  a  former  triangle*  the  distance  between  Pctdoti  and  Stoke  Steeple  was  found  to  be 
63931  feet ;  wherefore,  63936  feet,  the  mean,  may  be  taken  for  the  true  distance. 

Thorp       -          -  « 
Little  Bentley 
Dover  Court 

98  52  20 
S3    2  30 

|  Lit  tic  Bentley       -  | 

20481 
4298: 

Thorp  ... 
Little  Bentley 
Pelihn               -  - 

4'  >*  S3 
123  30  18 

jLittle  Bentley        -  j 

20481 
51205 

Tillingham 
Danbury  Spire 
Wtst  Merit* 

96  57  *o 
61  46  57 

^  West  Mersea        •  | 

28924 

79*73 

Raylcigh" 
West  Mersea 

Danbury  - 

54  »7  44 

29  13  0 

|west  Mersea       -  ^ 

96701 
79170 

Great  Tey 

Stoke  ... 
Staircase.  St.  Mary's  Steeple,  Col 
cbesier 

5*  "  44 

4S  •*  S7 

St.  Mary's  Steeple  from  Stoke  - 

Little  Bromley 
Stoke  - 

St.  Mary's,  Colchester 

54  11  22 
47  5«  26 

1  Little  Bromley      -  | 

443S6 
33706 

Dover  Court 

Stoke                 .  - 

TatUngstonc 

18  58  19 
H  S3  S° 

j-Tattingstone  | 

38946 
49250 

Thorp  ... 
Stoke  - 
Taltingstone 

37  52  49 
39  4 

jTattingstone       .  | 

50690 
4924S 

Dover  Court 
Rtuhmerc  - 
Falkenbam  Steeple 

50  26  54 
38  25  20 

jFalkenham         - .      .  { 

31651 
39270 

The  distance  from  Dover  Court  Steeple  to  Stoke  Steeple  is  84425  feet,  and  from  Rush- 
mere  Steeple  to  Stoke  Steeple  75955  feet ;  the  included  angle  at  Dover  Court  Steeple  is  6a* 
38'  20'-  These  give  the  distance  of  Dover  Court  Steeple  from  Rushmere,  5092 1  feet. 
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Nunc*  of  Sutiotu. 

Observed 
logics. 

DUtiocet. 

Dover  Court 
Rushmerc  - 
Tattingitone 

0      |  * 

43  40  5> 
49  46  9 

|  Tattings  tone       -  | 

Feet- 
38946 

35*3* 

Dover  Court  - 
Rushmerc  • 
Woodbridge  Steeple 

*5  55  '3 
96  25  30 

57  39  «7 
1 80    0  0 

|  Woodbridge       •  | 

S9»94 
26346* 

Falkenham    -      -  - 
Rushmere  - 
Woodbridge 

4»  *5  50 

5  >f    0  10 

|  Woodbridge          -  | 

3376i 
26342* 

Falkenham  ... 
Woodbridge    -  • 
Butley  Steeple 

48  4Z  0 

83  10  0 

|  Butley  | 

45° '3 
34°S* 

Falkenham      •  » 
Butley      •  - 
Orfard  Light  House 

*l  58    '    )  Orford  Light  House    -  \ 
116  14  59   j             *  ^ 

($0589 
25207 

Rushmere     •  - 
Woodbridge       *  - 
Otley  Steeple  - 

62  45  1-0 

63  30  1-0 
53  45  0 

180    0  2 

jotley        -         -  } 

*9*3* 
29044 

Rushmere      -        -  - 
Otley       -  - 
Henley  Steeple 

40  25  30 
46  25  0 
93    9  3° 

t8o    0  0 

jHsnley  j 

21211 
18988 

Dover  Court  - 

Rushmerc           »  " 

Obelttk,  Woolverstont  Park 

12  43  40 

13  22  10 

|  Obelisk      -           -  j 

26766 
»55<>3 

Rushmere  - 
Copdock  Steeple 
Ohelitk 

61  35  58 
53   5  IO 

j  Copdock      -         •  | 

28984 
28057 

Rushmere  - 
Copdock  - 

Henley  ■ 

56  49  0  J 
180  0  0  j 

21209 
34520 

57  I) 


Larcnliaro 
Stoke 


67  48  jo 

44  $9  «° 
67  it  to 


■  Bulmcr 


{ 
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Triptrer.  old  Station 
Gillvwood 


37  4»  44 
75  '3  56 


Bulmcr  Mtepu 

L.rrnhara      -      -  • 
Bulmcr    -  ... 

47  34  »S 
44  •»  4° 

jGlenuford           -  { 


15746 
27086 

Bulmcr  - 
TvppUtfitlJ 

18  21  0 
142  15  10 

|  Topplesficld  - 

67962 
34983 

LaTenham^          _       .  . 
T*t»*rtr -"i  Stttplt 

;■  36  40 
58    8  IO 

I  Twincstcad       -  j 
_  

40006* 

Stoke 
Great  Try 

$6  is  $6 

J  TWilcad          -  \ 

St  M 

Pricroing 
Daihury 

Wtmmnli  Siuplt 

15ft  42  10 
8  50  0 

i— »  •  I 

30138 

77621 

Danbuijr  - 

Triprrce.  old  Station  - 

GiUywoo*  Common 

•Si  18  j6 
■  a   0  J4 

|  Gallywood       -  j 

16097 
60211 

J  63113 

1  39973 
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Names  of  nation* 

Observed 
aiglet. 

Distance*. 

Danbury 
Pleshley 

Hatfield  Broad  Oak  Steeple 

"it 

ia    4  30 
15a  S3  10 

j  Hatfield  Broad  Oak    ■  { 

Feet. 
85096 
39058 

Danbury  - 
High  Easter 

Tbaxted  Spire 

*5  45  6 
29  43  54 

jrhaxted      .        -  | 

IOI330 
534^9 

Hatfield  Broad  Oak 
Pleshky 

Btaucbamp  Roding  Spirt 

54  20  SI 

39  *S  0 

|  Bcauchamp  Roding      «  ^ 

248>3 
31806 

The  angle  observed  from  the  station  on  Danbury  Steeple,  between  Hatfield  Broad 
Oak  and  Thaxted,  was  300  33'  40"$  this,  with  the  including  sides,  85094  and  101330 
feet,  gives  the  following  triangle : 

Danbury      -        300  33'  40* 

Hatfield  Broad  Oak  92  24  o 

Thaxted       -       57    a  20,  which  gives  live  distance  between  Thaxted 
and  Hatfield  Broad  Oak  =51566  feet. 


Danbury  ... 

27  24  19 

jstokc        -          -  / 

122630 

Pel  don  - 

Il8     2  28 

63951 

Stoke 

Again,  the  angle  observed  at  Danbury,  between  Thaxted  and  Stoke  was  66»  43'  8" ; 
this,  with  the  sides  which  form  it,  Danbury  and  Thaxted,  Danbury  and  Stoke,  gives  the 
following  triangle  : 

Danbury       -        66*43'  8* 

Stoke       -      -     48  25  16 

Thaxted       -      64  5,1  36,  from  which  we  find  1 24430  feet,  for  the  dis- 
tance from  Thaxted  to  Stoke. 

The  angle  at  Lavenham  Steeple,  between  Stoke  and  Thaxted,  was  likewise  observed, 
and  found  to  be  8o°  10'  30',  whivJi,  with  the  distances  of  these  latter  stations  from 
Lavcnham,  48039  and  1 24430  feet,  gives 

La  ven  ham      -  89*10*30* 

Stoke      -    _-    68    7  o 

Thaxted       -       22  42  30,  from  which  we  find  11 5480  feet  to  be  the 
distance  from  Thaxted  Spire  to  Lavcnham  Steeple. 


•15 


So**6*1' 

trnA  fin*     **"  **T~l*«!irt  «*•'>* 


:d.  •»»  !** 

71.  frf* 


3-  " 


•hid* 


south-western  part  of  Essex,  and  of  Hertfordshire,  stations  were  selected  on  Harapstead 
Heath,  and  on  Highbcech  in  Epping  Forest,  to  which  the  great  theodolite  was  taken,  as 
I  in  the  article  detailing  the  particulars  of  the  operations  in  1799.   The  triangles 
1  are  the  following.  The  first,  namely, 
Scs-erndroog  Tower  a8«  58  to' 
Southwcald       -      9+  49  5 

Langdon  Hill  -  5°  >*  45.  »  B»d  {rom  the  ir,c,udcd  t"g,c 
at  Severndroog  Tower,  z8»  58'  10'.  and  the  sides  Sererndroog  Tower  and  Southweald. 
Sevcrndroog  Tower  and  Langdon  Hill :  the  first  is  73787  feet,  and  the  second  88470  feet. 
From  these  data,  we  obtain  the  distance  between  the  station  on  Langdon  Hill  and  that  on 
Southweald  Steeple  —  4300 1  feet. 


Nines  of  SutWwu. 

Observed 
•figUi. 

Severndroog  Tower 
Langdon  Hill       -  * 
Brentwood  Steeple 

•     1  • 

M  *4  35 
61  26  39 

|  Brentwood 

| 

Ttet. 

7«S53* 
366)6 

Sevcrndroog  Tower 
Southweald 
Brentwood 

4  33  *9 
iaS  53  1* 

|  Brentwood           -  { 

7£oT 

7700 

Foot  of  thecr*.  on  the  dome  of  St.  Paul's  from  the  station  on  Smrndroog  Tower- ,99°*-. 
Phil.  Trans,  for  1787.  p.  250. 
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From  the  last  triangle,  we  find  the  distance  from  Severndroog  Tower  to  the  station  on 
South  weald  Steeple  to  be  73795  feet ;  rins,  it  will  be  perceived,  is  deduced  from  the 
distance  between  the  cross  011  the  dome  of  St.  Paul's  and  Severndroog  Tower ;  but 
73791  feet  has  been  found  by  the  triangle,  which  is  derived  from  the  distance  between  the 
latter  station  and  Wrotham.  A  difference  of  4  feet  on  such  a  distance,  all  things  consi- 
dered, is  not  a  large  quantity. 


Namca  of  Sutiom. 

OUie  rved 
Aoglci. 

Dtstancea. 

Severndroog  Tower 

Highbeech  ... 

Brenlwood  Spirt 

0     1  » 

49    »  « 
7»  "6  44 

j  Brentwood          -  / 

Feet. 
78558- 
62727 

Severndroog  Tower 
Highbeech  • 
Hampstead  Heaib 

51  24  12 
58  29  19 

|  Hampstead  Heath       •  / 

64855 

$945  S 

Highbeech  - 
Hampstead 
St.  PauVi 

24  36  5 
83    1  11 

J  St.  Paul's       -         -  | 

619 1 9 

25966 

As  it  became  necessary  to  ascertain  the  situation  of  a  high  building  near  Berkhamstead, 
which,  for  distinction  sake,  I  shall  style  the  Gazebo,  the  instrument  was  removed  from 
the  station  on  Highbeech,  to  another  farther  west  of  it,  as  some  trees  obstructed  the  view 
of  this  object  from  the  former.  To  get  the  distance  from  St.  Paul's  to  this  new  station, 
the  distance  between  it  and  the  old  one  was  measured,  and  found  —  460  feet :  the  angles 
in  the  following  triangle  were  also  observed. 

Highbeech,  old  station    66°  32'  47* 

Highbeech,  new  station  113    3  46 

St.  Paul's  which  gives  tbe  distance  from 

St.  Paul's  to  the  new  station  61738  feet. 


Highbeech,  new  station 
Berkhamstead  Gazebo 
Si.  Paul' i 

105  21  44 
4«  55  *3 

J  Gazebo      -  <f 

4963 1 
88872 

South  weald 
Highbeech,  old  station 
Stand  of  Epping  Windmill 

16  46  15 
5*  «6  5» 

^  Epping  Windmill  / 

46717 
1704a* 

Severndroog  Tower 

Highbeech  ... 

Stand  of  Epping  Windmill 

10   8  44 
iaa  10  45 

|  Epping  Windmill      -  / 

81891 
I7043- 

Hatfield  Broad  Oak  Steeple  - 

I'ij.-.  up  ■  im 

$9  '  o 
♦3  11  S° 

87140 

OOai^ 

Berkhamitead  Gazebo 
iiaineia  oroaa  UjK 
Hjumr  Strtplt 

*4   9  iS 

r  -      In      *  3 

•7  '9  j8 

Wasting       -        -  f 

39<73 

Hatfield  Broad  Oak 

L>    I       lil!MlC,ll]  U1ZCDO  • 

Henham  On  the  Mount  Steeple 

•07  S9  $7 
ao  41  30 

Whatn  on  the  Mount  { 

39165 

Hatfield  Broad  Oak 
Henham  on  the  Mount  - 
Tborley  SteepU 

,6  1 E 

36    6  30 

Whorley        -         ■  { 
J  I 

*4*7S 

390,0 

Henham  on  the  Mount 

Tiiorlpv  Srf^f m 
Jttttrbury  SlttpJe 

if  *S  0 
60  it  0 

jAtterbury      -          -  { 

3788a 
'343° 

Henham  cm  the  Mount 
Thorley  ... 
Riciliig  Stttplt 

87  ao  0 
M  S7  I© 

jRkkling         -       -  { 

17816 
42169 
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The  angle  between  Albury  and  Elmdon  Steeples  was  observed,  at  Hcnham  on  the 
Mount,  and  found  to  be  7a"  47'  38*.  The  distances  from  the  former  stations  to  the 
latter  are  37882  and  45*75  feet,  which  give  the  following  triangle  : 

Hcnham       -  ■jz"^]'^' 

Albury       -         60  28  27 

Elmdon    -       -    46  43  35,  from  whence  we  get  the  distance 
between  Albury  and  Elmdon  —  49701  feet. 


Nunc*  of  Sotiooi. 

Oh«crv«d 
angle*. 

Di.'.jucci. 

Henham  on  the  Mount 
Elmdon  ... 
Tbaxied  Steeple 

100  30  50 
23     2  40 

jThaxted    -           -  / 

Feet. 

22988 
5630a 

Elmdon  ... 
Thaxted  - 
Balsbam  Steeple 

71  54  10 
53  '8  44 

|  Balsham       -          -  / 

55262 
65504. 

Elmdon  - 

Balsham          -  - 

Babrabam  Mount  Station 

*3  38  46 
48  40  38 

^Babraham  Mount    -  ^ 

43559 
23251 

Elmdon  .... 
Babraham  Mount  - 
Triplow  Steeple 

29  46  30 
32  56  30 

|  Triplow      •  ^ 

24806 
29185 

— Theangleat  Henham  on  the  Mount,  between  Hatfield  Broad  Oak  and  Thaxted  Steeples, 
is  109*  icV  44' ;  and  the  distances  of  the  latter  stations  from  the  former  one  are  39266 
and  22988  feet ;  from  these  data  we  have  the  triangle, 

Henham       -       •       109*  10' 44" 

Thaxted  -       -     45  56  29 

Hatfield  Broad  Oak    -     24  52  47,  which  gives  51608  fee t  for 
the  distance  of  Thaxted  from  Hatfield  Broad  Oak. 


Hatfield  Broad  Oak  . 
Beauchamp  Roding 
High  Easter  Steeple 

51  9  50 
64  26  10 

jHigh  Easter       -  ^ 

24858 
21460 

Severndroog  Tower 
Langdon  Hill 
Horncburcb  Steeple 

2169 
24  10  20 

jHornchurch     -  / 

50989 
44832# 

Langdon  Hill  ... 
Gravcscnd  .... 
Horncburcb  Steeple 

77  57  33 
50  59  0 

Jl  lorn  church           -  ^ 

44837* 

S6438 

at  jo  !°  \nuiw1  - 

.    IJ  *  4°  J 


i  54  10  ,Sikkiffl 

.  a 


*i  5*  ,u 


tij«J»  ' 


•I! 


I         I  " 


IS*-0*  • 


wwwm  huivvm  iuw( 

St.  Paul's 
tTtstbam  Sr«/i/e 


-  |44  15  *7  1/ 


1 1  *5°°« 


Art.  xxxix.  Secondary  Triangles. 

St.  Paul'i  from  Severndroog  Tower  39961  fret. 


Sevrrndrcog  Tower       -       -  , 
St.  Paul'i  .... 
l.imtbvutt  Slteplt 

11  36 

7 
|J 

)Limchou!e  < 
 _ 

16371 
■54S6 

Seremdroog  Tower 
Highhccch  t      m      -   '  • 
Cb.gvtll  SKtple 

9  ic  30 
32  36  J» 

jchigwcU  — — 

57757 
172+1 

Seremdroog  Tower  - 

11  57 
7+  54 

3° 

—    -  { 

IOOIIO 

11506 

rnerning  ~  **'-"      *  * 
BitUhcay  Cb  ■/*!  



Weitham  Steeple 

Staircase  of  Barking  Steeple  - 

Station  on  Bjnk  oflbt  Tbjmet 



45  S8 
68  3; 

0 
0 

■  { 

13640 

no/7 

Station  on  Bank  of  the  Thame* 
Weetham  Steeple 
Pirry't  lias*  House 

41  21 

56  '5 

0 

}Pcrry 

.  MM  House      •  { 


10414 
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Name*  of  Suiioni . 

Obiervcd 
angle*. 

Dutancci. 

Purflect  Cliff 
Hornchurch     -  ♦ 
Rainbiirm  Steele 

•     #  B 

5  4  1 1  JO 
32    1  O 

VRaixiham       -  J 
J  I 

Feet. 
16387 

•737° 

Purflect  Cliff  ... 

Hornchurch 

Lord  Eardley's,  Betvidere 

8190 
3"  50  50 

VBelvidcre       -            -  / 
J  I 

16212 

30369 

Purneer  Cliff 

Rai'ih  ,m        -  - 

Station  jl  Cold  Harbour 

42  18  10 
4'  45  0 

}  Cold  Harbour       -  / 

10971 
1 1090 

Guzzard       -  . 
Hornchurch       -  - 
Aveley  Milt 

c6    8  zo 
56  43  20 

)  Aveley  Mill      -          -  / 
J  1 

21436 
21302 

Purfleet  Cliff  ... 

Hornchurch 

Valtnct  Tree 

34   2  4° 
95    3  40 

I  Valence  Tree   -         -  / 

i  I 

3630s 
20404 

Grave;  end  . 
Sevemdroog  Tower  • 
Cbidwelt  Steeple 

79  39  3° 
13  41  10 

1  Chadwell      .            .  / 
>  \ 

17008 
70717 

Graves  end       -       -  » 
Chadwt.ll  Steeple 
Grey*  ^terple 

35  19  0 
79  31  ao 

VGrey*       -         •        .  / 
1  I 

18479 
10953 

Gravesend       -  - 

Chadwel!  Steeple  - 

Flagsti\ff' on  Mr  Button'*  House 

37  46  0 
94  24  0 

}FUg*t«jr      -          .  / 

'  I 

22880 
'4<>5+ 

Gravesend  ... 
Chadwell  Steeple 
Wnt  7 burrock  Steeple 

ci  43  0 
80    2  30 

}  Wctt  Thurrock           -  / 

J  I 

"4S7 
17897 

Gravesend         -  . 
Hornchurch  . 
Hi>rndf>-  Spire 

49    8  30 

36   7  S 

/  Hoi  rqoh          •          -  J 
*  I 

333** 
42033 

Gravesend         .  . 
Chadwel)  ... 
West  Ti'hury  Steeple 

18  ct  0 

59  *6  30 

jweit  Tilbury          -  { 

5617 
14956 

Gravesend  - 

Chi.  I  well        -           .  . 

Nortbfleet  Steeple 

Co  31  37 
30  27  41 

jNorthfleet      .         >  / 

8755 
16179 

Station  near  Ockcndon 
Onit  Stteflt 

f4  54  }° 

1 

>7MV 

Grarcsrnd 
Halrtow 
robbing  Steiple 

4$   9  »J 

61     O  10 

|  Fobbing        "        "  { 

4<433 

33*70 

Hadlcigh  Station 
Hahtow  ■ 
Fobbing  Site  fit 

6$  31  11 
45  48  50 

}  Fobbing                -  { 

16111 
3J»79 

Halttow 

Tbmdtrtlty  Sletfle 

101  39  17 
37  16  40 

jThundtrslcy      -     -  { 

4«34* 

H  .  •••< 
Hadlcigh 

Btdttigb  Spirt 

7  53  «° 
117  13  13 

j  Hadlcigh        -       -  { 

57'3 
37018 

Hadlcigh 

Halitow  ... 
Jeigb  Stttflt  Staircase 

89  10  40 

*4  54  *7 

}uigh         -  { 

'5735 

37357 

HaUtow 

Sbeppey  Station 
Lti^b  Stttflt  St  air  cast 

8  3  " 

}  Leigh        -          -  { 

37359 
533*5 
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Name*  of  Sutiom. 

Observed 
angl«». 

PIHWCWi 

f*ir>r"wrli*n  StPcnlg  a 

Prittlewcll 

Little  Wukering  Steeple 

0     ,  0 

4S  5°  " 
60  46  30 

\  Little  Wakering       -  / 

Feet. 
23850 
I9O03 

Prittlcwell       -           -  - 
Bank  Flagtiff 

64  17  0 
67  46  30 

iBank       -  | 

3*739 
31908 

Pril  rlnwrlt           _  _ 

I    1  IlllCW  111  » 

Station  on  Bank 

33  IO  0 
39  *°  J° 

>  Shoebury-nes*        -  i 

21208 
18  30Z 

CimMfn          *  _ 
Bank  Flagstaff 
Foul-nest  Cbapcl 

3*  5*  3U 
til  ZO  O 

>Foiil-ness  1 
J  1 

354*« 
'9473 

Rayleigh          -  ■ 
Peldon 

Foui-ncsa  Signal  Staff* 

43  4S  33 

Isienal  Staff      -          -  / 
/   6  I 

71622 
76311 

A  1 1 1  i  1 1  j£  '  1 .1 . 1 1  OltCIHC 

Peldon 

Signal  Staff,  Tillingbam  Grange 

21  10 

9  44  *9 

>  Signal  Staff          .  i 

13990 
5  3860 

TP  i  111  iijiJ  ij  m          _  _ 

X  il  Mil  V  11.1111  * 

Peldon  ... 
%n<//  >tt^,  Brad-well  Point 

A  5   n   c  ft 

43  *7  S° 
24  to  IS 

1  Signal  Staff         -  / 

1 

18802 
3"S9« 

Til  I  'm  frill  m            -  - 

1  Mill  1  V  1  Id  111 

Peloon 

Bngbttingse>z  Steeple 

3"    *  4° 
100  56  20 

|Brightlingsea          -  / 

56094 
29463 

*Tt]Iinc*h;im          ■  * 

1   Wl  II  f  11  Hill  II 

West  Mersey  Steeple 
Tolesbury  Steeple 

ijt  jq 
57  33  «3 

2461  ■ 

18673 

Tillingharn         -  m 
Triptrcc,  old  Station 
Alt  born  Cburcb 

61   It  6 

35  34  3 

\  Althorn  < 

31946 
49330 

'Fillitigham 

Althorn  ... 
Bur'ibam  Steeple 

26  IO 

55  49  0 

j>B«mham  / 

26664 

14400 

Tillingharn 
Peldon 

Totesbunl  Major  Steeple 

47  33  35 
56  33  *5 

jToleshunt          -  / 

3654' 

Trigonometrical  Survey. 
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Name*  of  itttiom. 

Obtcrvcd 
toglci. 

DilUocci. 

Prittkwell  Steeple 

Bank  Flagstaff 

Signal  Stuff,  Sboebury-ness 

°       #  * 

33  10  o 

39  20  3° 

|  Signal  Staff  | 

Tea. 
21208 
18302 

Triptree,  new  Station 
Danbury  ... 
Maletolt  Spire 

38    c  18 

30  11  27 

|  Maldon       -        .  | 

7T*) 
23829 

Triptree,  new  Station 
Danbury  - 
Purleigh  Steeple 

36  48  30 
72    9  0 

|  Purleigh        .        .  f 

36l  l8 
22734 

Danbury  ... 
Purleigh  Steeple 
Stepte  Stetpit 

*l  +z  31 

148  16  30 

SStcple  i 

18850 

Danbury  - 
Cancwden 
Hockley  Steeple 

16  17  40 
Si    8  0 

|  Hockley 

*35SS 

Danbury  • 
Rettenden  ... 
Hockley  Steeple 

27  2i  50 
109  22  0 

|  Hockley  j 

20170 

Danbury  - 
Caitewden 
Jlctti-nden  Steeple 

S3  39  40 
35  *S  0 

?  t,       •  f 
>  Rettenden              -  1 

41810 

Rettenden 
Canewden 

Stow,  St.  Mary's  Steeple 

34  4«  0 

30  53  © 

>  Stow,  St.  Mary's      .  J 

2613I 

Rayleigh  - 
Langdon  Station 
Rettenden  Steeple 

71  51  18 
27  38  45 

If),.         1  1 

>  Rettenden       •       -  I 

2O760 
42526 

Rayleigh        -        -  - 

Langdon 

Runwell  Steeple 

51    8  to 
28  10  20 

1  Runwell                •  j 

II2O7 

34975 

Danbury  ... 
Rayleigh          -  . 
Great  Burgbstead  Steeple 

48  57  « 
7*  39  l7 

|  Burgbstead      -      .  5 

53*54 
42079 

Danbury  ... 

Gallywood  Station 

East  Hanningfield  Steeple 

MDCCC. 

59  li  7 
41  40  10 

4,  U 

|  Hanningfield         -  / 

17666 
22811 

Google 


The  Account  of  a 


Name*  of  ttitiom. 

Obtcrrfd 

Disunco. 

rricrniiig  oicepic  ■ 
Danbury  • 
Stock  Steeple 

■l  *  m 
3°    7  4B 
i;  38  36 

>  Stock           •           -  \ 
S  I 

Feet. 
16826 

36793 

Tillingham  Steeple  • 
Soutbminsler  Steeple 

1 B   1 ft  11 

83  33  14 

|  Southminstcr 

S5°75 
17711 

P  ■  1  ri  r\  n    Q  t  fill* 

J  viUUil  OUt,  JUL              "  ■ 

Tillingham          -  ■ 
Layer  Marney  SUeple 

97  35  31 
*3  54  4 

|  Layer  Marney          -  | 

20180 
49369 

r  cuiun         -           •  • 
Tillingham 

Stgnal  Staff,  St.  Osytb  Point 

Sri    in  rS 

61  39  24 

>  Signal  StafF          -  \ 

60701 
67990 

Little  Bent  ley 

Gr'.at  Clackton  Signal  Staff 

•43    7  36 
18  54  29 

>  Sienal  StafF         •  < 

21517 
39844 

i  iwrp         ■  • 
Peldon 

Gnat  Clackton  Steeple 

/'  35  55 
16  58  13 

|  Great  Clackton       -  j 

1 8920 
61508 

T"\y*»r.i-  pAiirt  Qt^^r.lp 

lyover  v-ouii  oicepic  ■ 
Thorp  ... 
Finton  Steeple 

z4  3°  4° 
92  26  41 

>  Finton  ) 
J  I 

38998 
16257 

Dover  Court        -  • 
Thorp 

Finton  Signal  Staff 

JO   16  IX 

70  11  16 

>  Signal  Staff  $ 

34686 
*334° 

LJ vl  VI    vvU •  I 

Thorp       -  * 
Walton  Tower  or  Sea-mark 

>>  *J 
47  Sz  22 

I  Walton          -         -  J 
i  ( 

26275 
28389 

fUTtl  VvU|l 

Thorp  - 

Cupola,  Iandguard  Fort 

I  1 J    C7  IO 

*J3  it  3" 

13  29  57 

>Ocpola      ...  J 

15085 
465'7 

Thorp               •  - 
Pcldon 

Ardleigb  Steeple 

46  l6  17 

47  1  34 

jArdleigh  j 

47494 
46901 

Peldon 

Great  Tey  Steeple 
Frating  SUeple 

106  10  16 
32  3a  11 

|  Frating  j 

35433 
63*74 

Tiliinghim 

Layer  de  la  Hay  Steeple  , 
Tolrsbunt  Major  Slftplt 


Dover  Court 
Tatiingitonc  Steeple 
BrantLm  Stttfitt 


Dover  Court 
Ruilimcre  Steeple 
Harkitejd  Slteple 


Dover  Court 
T* 


Tattingstone 
Anrarton  Steeple 
Brjdfield  Stetpte 


Dover  Court 
Ru&hmere 
Hjrwcb  Spirt 


8*8, 

4903  digitized  by  Gc 


696 


The  Account  of  a 


Namci  of  Suiion». 

Obirrved 
anglca. 

DiiUnctt. 

Dover  Court 
Woodbridge  Steeple 
Felixstow  Signal  Staff 

9,1 

J2  48  II 
28   31  O 

1  Felixstow        -  I 
J  I 

Feet- 
28926 

Dover  Court 
Woodbridge 
Bawdsey  Signal  Staff 

45  12  55 
44  S3  0 

\  Bawdsey          -             -  \ 
J  L 

42265 
4.2  CIO 

Rushmere  ... 
Falkenham  Steeple 
Orford  Steeple 

45  41  10 
103  5a  0 

l  Orford        -  ( 
3  I 

75267 

5547* 

Woodbridge 
Butely  Steeple 
RendU sbam  Steeple 

28  28  0 
34  37  © 

}  Rendlesharn         -  • 
J  I 

21686 

1    -  - 

Butely  - 
Rendlesharn 
Orford  Steeple 

12  20  0 

lOrford        -           -  i 
1  I 

15762 
33057 

Dover  Court 
Rushmere 
Kesgrjve  Steeple 

826 
66  54  0 

>  Kesgrave         -  I 

i  I 

7371 
48505 

Dover  Court 
Rushmere       -  - 
Waldrmgfield  Steele 

14   14  l6 

62  15  50 

Waldringficld       .  / 
J  I 

4j36o 

2  004. 1 

Dover  Court 
Kesgrave  Steeple 
JVbertstead  Steeple 

31  58  10 
56    8  30 

)whert  stead        -        -  / 
J  I 

403  3 1 

*4993 

Falkenham        -  • 
Rushmere  - 
Nucton  Steeple 

30  CO  O 
36     2  50 

{•Nacton       -           -  J 

25098 
21959 

Dover  Court 
Stoke 

Cjpel  Steeple 

13  29  58 
22  45  20 

)capcl          •  / 

55220 
333a5 

Stoke  - 
Capcl  Steeple 
Hintlesbiini  Steeple 

24  14  18 

103     O  34 

1 1  iintlcsham       -         -  ^ 

40790 
17186 

Stoke 

Lavenham  Steeple 
Bildtstont  Steeple 

29  43  IO 
6l   31  40 

jBildcstone       .           -  | 

41238 
23821 

Trigonometrical  Survey.  6gy 


Nunc*  of  Sutioai. 

Obttrvrd 
•nglcj. 

Dutinccf. 

Stoke  - 
Bildesrone  Steeple 
Aldbam  Steeple 

e     i  m 

33  S3  +° 
48  50  10 

1  f 

[Aldham        •         .  j 

Fctt. 
320  JJ 

23746 

Live  iilum  ... 

Naughton 

Hadleigb  Spire 

2  0    1Q  CO 

*¥  JV  >u 
93  »7  " 

jHadleigh         -          -  j 

42673 
21154 

Lavenham  - 
Njughton  Steeple 
Lindsey  Steeple 

« 1   jLQ    I O 
42   21  50 

)  .  .  ^  f 
>  Lindsey          .  1 

19587 

Stoke  . 
Lavenham  - 
Nrtf  Steeple 

23  7  30 

24  48  40 

•»  r 
>  Newton        -  V 

*7'S3 
*S4>3 

Stoke  - 

Newton       -  - 

Grotton  Steeple 

27      1  O 
42  49  O 

■%  c 
>  Grotton          »          -  J 

]  966O 

1 3 140 

Buhner  Steeple 
Glcmsford  Steeple 
Waldmgfield  Steeple 

w/  »7  40 
S3  37  S° 

[  Wdldingfield           .  j 

25637 
29407 

Lavenham  . 

Gleimt'ord 
Acton  Steeple 

56  59  0 
33    6  S° 

j  r 
>  Acton           -  < 

14065 
21097 

Lavtnhara  ... 
Bulmer       -  . 
Be.ivcbmp  Cburcb,  St.  Paul's 

26  13  to 
91  z i  20 

i  Bcaucbamp         -  f 

41546 

1  0300 

Lavenham 

Topplesfield  Steeple  - 
Higb  western  part  of  Hedingbam 
Castle 

12  31  JO 

>  Hcdingham  Castle 

S93S9 

1 6j  ID 

Lavenham  - 
Bulmer  - 
Ridgrwett  Strepit 

123  32  0 

[Ridgewell  i 

33886 

Stoke  Steeple  • 
Naughton  Steeple 
Ltingbtim  Steeple 

101    C7  IC 

20  32  4S 

\  Langham       ■          •  J 

499°7 

Stake  Steeple 
Great  Tey  Steeple 
Great  Horksley  ztteple 

zi  17  20 
8  23  40 

| Great  Horksley         -  { 

136J5 
33*59 

6g$  The  Account  of  a 


Nunc*  of  Station*. 

Obif  rvc<J 
angle*. 

Distance*. 

Stoke 

Twinestead  Steeple 
Great  Horkslty  Steeple 

•    /  * 

71  21  O 

19  53  O 

I  Great  Horksley         -  j 

13615 
37819 

Stoke  - 
Great  Horksley 
Mount  Buret  Steeple 

44  24  O 
109  43  0 

>  Mount  Buret         *  ) 

29360 

21821 

Stoke  ... 
St.  Mary's,  Colchester 
Earlet  Cotne  Steeple 

62  30  40 
70  48  0 

>  Earles  Colne          -  1 

477S6 
44860 

Great  Tey  - 
St.  Mary's  Colchester 
West  Bergbolt  Steeple 

>4  47  20 

33  '4  0 

I  West  Bergholt        -  $ 

*'3S7 
16110 

Danbury  - 
Great  Tey  - 
Bruited  Steeple 

660 
6  56  40 

^Braxted      -  J 

4«358 

Great  Tey  ... 
Braxtrd  Steeple 
Kelvedon  Steeple 

4  37  24 
11  43  36 

>  Kdvedon        -  J 

36j49 

■  0i07 

T  / 

Great  Tey 
Kdvedon  - 
Messing  Steeple 

30  14  50 

58  32  0 

>  Messing         -  i 

2239O 

I  922  * 

Great  Tey  ... 
Kelvedon        -  - 
East  Iborp  Steeple 

51  43  10 
36   4  0 

I  East  Thorp        -  5 

1546* 

20616 

Danbury  - 
Triptrce,  new  station 
Black  Notley  Steeple 

{0  48  0 

85  12  30 

J  Black  Notley          -  j 

5  "+87 

400  3Q 

Danbury 

Triptrec,  old  station  - 
Wit  bam  Steeple 

23  5'  34 
77  29  a6 

>Witham          -           .  ) 

3*850 
14852 

Daiibury  - 
Triptree,  old  station 
Tar  ling  Sj>ire 

47  47  25 
58  «7  35 

jTarling          -           -  S 

31874 
2775 « 

Danbury  - 
Triptree,  old  station 
Braintree  Steeple 

Si  43  ° 
90  45  50 

I  Braintree        .          .  5 

58918 
46252 

Trigonometrical  Survey. 
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Ximn  of  Stationi. 

Obierved 
angle*. 

Dbtaacca. 

Triptrcc,  new  station 
GallywooJ  station 
Feltste.td  Steeple 

$6  13  5+ 
64  47  5' 

|  Felrstead                  -  j 

Feet. 
58409 

Danbury  - 
Feltstead  Steeple 
Braintree  Steeple 

26  31  30 

73  49  IO 

"In    •  .  f 

^Braintree        •  -J 

C8018 
27393 

Danbury  ... 
Pleshley  Steeple 
Feltstead  Steeple 

'7  39  30 
n6  ij  43 

|  Feltstead         .  -J 

ji 
20409 

Triptree,  new  station 
Danbury  - 

S.  Spire  of  Hatfield  Peverei  Abbey 

27  23  20 
*7  35  3° 

ITT      ■  J*      11      T~\  1 

mat  field  Pererel         -  J 

20267 
20132 

Pleshley  - 
Feltnead 

Great  Leigb  Steeple 

68    3  0 
64  21  0 

•Great  Leigh            •  < 

2X0 1  c. 

JS63J 

Danbury  - 

Pleshley  - 

Great  Baddorv  Steeple 

4«  *9  44 

16  39  0 

>  Great  Baddow        -  i 

1614.C 

37796 

Danbury  - 
Pleshley 

Chelmsford  Spire 

23  59  8 
20  21  0 

j  Chelmsford        -          -  i 

241  to 

28186 

Danbury       -         -  - 
Pleshley  - 
Whittle  Steeple 

3*  38  36 
41  51  20 

^Whittle        -  ^ 

juc: 

j  j  j  3 

27122 

Danbury  - 
Hatfield  Broad  Oak 
Willingale  Spain  Steeple 

19  16  20 
35  *9  '5 

V  Willingale  Spain        -  1 

60488 

3439* 

Pleshley        -  - 
Gallywood  station 
Rortvell  Steeple 

36  12  0 
26  14  36 

>  KOJCWCIl            -  < 

'9937 
26630 

Pleshley  ... 
Gallywood  station 
White  Rod Steeple 

»°3  44  45 
3*   9  50 

Jwhiti-  Roding       .  | 

3348? 

579*6 

Southweald  Steeple 
Frieniing  Steeple  • 
Doddingbursl  SUtplt 

27  ji  51 
30  14  50 

|  Deddinghunt 

17880 
1(1590 

70© 


The  Account  of  a 


Nimcs  of  (UUOM. 

Obicrted 

1D|1«. 

Dittinces. 

Southweald 
Epping  Windmill 
Theydon  Mount  Steeple 

O       f  • 

X  4Q  O 

7  3'  » 

J  Theydon      -        -  5 
J  I 

Feet. 
31098 
15824 

Southweald 

Theydon  Mount  Steeple 
Navestock  nm>  Windmill 

|6  26  0 

I  Navestock       -  \ 

9656 
25846 

Southweald  ... 
Theydon  Mount 
Tbeydon  Garnon  Steeple 

518  0 
149  43  0 

i  Theydon  Garnon      -  1 
)  ( 

37»07 
6797 

Theydon  Mount 
Theydon  Garnon 
Havering  Steeple 

III  10  to 

S3  38  0 

>  Havering  i 
i  I 

21090 
*4397 

Severndroog  Tower 

ilighbeech  Station 

Cupola  of  a  bouse  at  Woodford 

C   AO  20 

H  49  4 

J  Cupola         -  ) 

52260 
20197 

Southweald 
Highbeech 
Hums  near  I  If  or  d 

36  20  20 
6j    36  20 

\  Ruins         -         -  \ 

S'340 
334«»5 

Highbeech 
St.  Paul's 
Cbesbunt  Station 

103  38  0 
26     2  O 

>  Chcshunt       •          -  ■? 

>  \ 

347o* 
77'Si 

Berkhamstead  Gazebo  • 
Naseing  Steeple 
JIunsdon  Steeple 

88  51  24 

>  Hunsdon       .        .  J 

>  ( 

43 '57 
18911 

Naieing  - 
Hunsdon  Steeple 
Brojcbourn  Steeple 

34  4'  0 

>  Broxbourn          ■  5 
'  t 

13899 
a434» 

Berkhamstead  Gazebo 
Hatfield  Broad  Oak  Steeple 
Harlow  Steeple 

8  33  28 
20  1 1  11 

[  Harlow  Steeple       -  5 
J  t 

62528 
20964 

Hatfield  Broad  Oak 
Naseing  ... 
Sahrid/rrviort b  Steeple 

19  44  10 
11  48  5 

|  Sabridgeworth        -  | 

21054 

34763 

Thorley  Steeple 

Albury  Steeple 

Great  Had  bam  Steeple 

45  «7  0 
40  29  0 

|  Great  Hadham         .  | 

»S*S3 
16995 

Trigonometrical  Survey. 


Nunu  of  tmiofu. 

Obtenred 
angirt. 

Diiuccca. 

r 

Henham  on  the  Mount  Steeple 

Albury  Steeple 

Bitbop  Storlford  Steeple 

Pet 
3'  43  34 
S3  *4  6 

>  Bishop  Stortford     -  i 

30524 
19993 

Henham  on  the  Mount 
Albury  ... 
Stanstead  Mountfitchet  Steeple 

42  32  24 
J3  35  3 

Stanstead  Mountfitchet  ] 

«6S75 
28009 

Henham  on  the  Mount 
Stanstead  Mountfitchet 
Farnbam  Steeple 

3'    3  0 
109    2  0 

i  Farnham  < 

*44>9 
»33*3 

Henham  on  the  Mount 
Albury  ... 
Meesdon  IFindmill 

38  33  0 
73  '3  W 

V  Meesdon  ■ 

390$+ 

2$4»l 

Henham  on  the  Mount 

Elmdon  Steeple 

Chimney  on  an  octagon  Lodge 

40  10  40 
ay  58  10 

>  Octagon  Lodge        -  t 

21677 
3 1938 

Bahhim  Steeple 

Elmdon                 -  - 

Shady  Camps  Steeple 

75  »5  « 

IJ     O  2Z 

I  Shady  Camps          >  \ 

»37+o 
S34«» 

Balsham  ... 
Shady  Camps 
Asbdon  Steeple 

31    7  10 
99  »9  0 

>  Ashdon         .        •  i 

30778 
i6iao 

Danbury  - 
Thaxtcd  Spire 
Little  Sating  Steeple 

9  35  0 
26   0  9 

t  Little  Saling           .  ) 

76469 
28886 

Elmdon  ... 
Rickling  Steeple       ■  • 
Newport  Steeple 

22  27  0 
64  25  0 

J  Newport  I 

2649a 
11216 

Danbury     -  - 
Little  Saling  Steeple 
SUbbing  Steeple 

J  5l  6 
61  38  0 

>  Stebbing       -        -  < 

71826 
11198 

MDCCC. 
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Art.  xl.  Principal  Triangles  for  the  Survey  of  the  Western  Part 
of  Kent.    Plate  XXXIII. 


Frant  Steeple  from  Botley  Mill  90362,4  feet. 


Nunc*  of  nation*. 

Observed 
•ogle*. 

Distance*. 

Frant  Steeple 
Botley  Hill 

Sevtnoaks  old  Windmill 

0         i  * 

22  17  10 

3*  5*  47 

let  f 

> Sevenoaks         -        -  -l 

Feet. 

C.84Q2 
J    V  J. 

44032 

Fnint  ... 
Sevenoaks  Windmill 
Chiddingstone  Steeple 

22  17  10 
40  52  50 

|  Chiddingstone  - 

4.287c 

24858 

Frant  - 
Chiddingstone 
Mount  Sion  Station 

35   *  >7 
97  43  43 

"1 . ,  r 
>  Mount  Sion  J 

3353* 

Frant  ... 

Mount  Slon 

Eatt  Peckham  SUtple 

31  28  30 

76    9  30 

J  East  Peckham        -  | 

3' 7<>7 

Mount  Sion 
East  Peckham 
Tudely  Steeple 

48  14  0 

65  11  0 

>  1  udcly  otccplc           -  . 

31363 
*577* 

Botley  Hill 
Sevenoaks  Windmill 
Seal  Chart  Station 

11    1  48 
141  42  IS 

JSeal  Chart     -        -  { 

595<53 
1838B 

Seal  Chart 
Sevenoaks  Windmill 
Tunbridge  Steeple 

74  10  0 

66  49  0 

^Tunbridge  ^ 

26851 
28101 

Seal  Chart 
Sevenoakt  Windmill 
Station  on  Otford  Mount 

78    1  0 
54  39  0 

J  Otford  Mount        -  f 

20397 
24462 

Sevenoaks  Windmill 
Otford  Mount 
Silverdtn  Farm  Station 

69  27  0 
61  24  0 

|  Silvcrdcn  Farm         -  ^ 

28395 
3028+ 

Norwood  from  Severndroog  Tower  39155  feet. 

Norwood 

Severndroog  Tower 
Well  Hill  Station 

53    7  40 
84   8  0 

J  Well  Hill      -      '  -  | 

57391 

461  ss 

Trigonometrical  Survey.  7°3 


Nine*  of  tttitont. 

Obicrvcd 
inglei. 

Diiuace*. 

Sererndroog  Tower 
Well  Hill 
Crayford  Steeple 

0      1  « 

JS    4  '4 
35   0  3* 

|  Crayford  | 

Feet. 
26479 
37840 

Well  Hill 
Crayford  - 
Atb  Steeple 

77  37  40 
48    8  40 

}AA          -         -  \ 

3473® 
4S5SS 

Ash  - 
Crayford  - 
Vortbfitet  Steeple 

53    7  «<> 
44  3*  4 

|  Northfleet  j 

3**37 
36767 

Ash        -  - 
Northfleet         -  • 
Gravesend  Station 

II  30  ♦ 
85    1  8 

V  Gra?c$end      "       *  1 

32664 
8762 

Ash 

Northfleet 

Lord  Eardley's,  Behidere 

47  33  30 
97  $3  40 

|Belvidcrc        -         -  j 

5630S 
4'9S« 

Gwesend  from  Halstow  44836  feet. 

Grarescnd 
Halstow 

Gadsbill  Station 

31  38  to 
2+  18  20 

jGadshill        -        -  { 

22275 
28388 

Halstow  - 
Sheppey 

Gadsbill  

1*8  34  18 
18  18  3 

Sheppey  from  Gadshill 

70686 

Sheppey  - 
Hernhill  Steeple 

Stockbury  Steeple  

88  18  0 
37    2  0 

|  Stockbury          -  | 

43'44 

71603 

Frinstead  Steeple 
Sheppey       -  - 
Htrnbill  Steeple 

65  27  18 
64   9  24 

|  HernhiU       -        *  j 

57820 
S«439 

Art.  xli.  Secondary  Triangles. 


Front  Steeple 
Botky  Hill  Station 
Bidborougb  Steeple 

26  37  20 
9  5*  49 

|  Bidborough          -  j 

26066 
68*71 

Frant       -  " 
Chiddingstone  Steeple  ■ 
Station  near  Bidborougb  Cburcb 

20  52  0 
*9   5  0 

|  Station      -         "  { 

27227 
19951 

4X4 


The  Account  of  a 


Names  of  iiiuoiu. 

Observed 
angle*. 

Distances. 

Frant  ... 
Botlev  Hill 

Remarkable  Tree  near  Kibben's 

Cross 

104  Z4  36 

1 1    11  e  1 
»3  40  5 1 

|  Remarkable  Tree       -  5 

Feet. 
24226 
99201 

Frant  - 

Station  near  Bidborough  Church 
Cowden  Steeple 

40    j  -  O 

93    3  3° 

I  Cowden         -        m  -  i 
i  X 

4'943 
30485 

St'tmn  tiMr  Ridlv»rr»ii*iti  f^Jinrrh 

Chiddinjstone  Steeple 
Mount  Sion  Station 

"  6     3  O 

68  4a  0 

[  Mount  Sion          «  J 
3  I 

3»>94 
3>>3* 

Station  near  Bitiborou&h.  Church 
Mount  Sion 
Leigb  Steeple 

10  21  0 

\  Leigh          -         -  { 

11241 

22031 

Frant      -  _ 
Chiddingstone 
lde  mi  Station 

10    c  10 
■  w    5  30 

149  38  30 

|  lde  Hill         -        .  | 

6*S47 
2 1689 

lde  Hill 

Edenbridge  Steeple 

67  4  -  0 

49  43  © 

>  Edenbridge           -  J 

3          *  X 

18639 
22606 

Seal  Church  Steeple 
Otford  Mount 
Sevenoaks  Steeple 

{7    ip  f\ 

57  45  0 
46    5  0 

}  Sevenoaks             -  J 
I  \ 

17766 

Mount  Sion  Station  - 
Peck  ham  Steeple 
Hadlow  Steeple 

20  36  0 
47  56  0 

I  Hadlow                 -  5 

y  X 

25291 
11987 

Seal  Chart  Station  - 
Otford  Mount 
Sundricb  Steeple 

CO  AC  0 

86  11  0 

>Sundrich        -  J 

*  X 

29804 

Otford  Mount        ■  • 
Silverden  Station 
Seal  steeple 

yr  •  7  0 
17  20  O 

iseal           -  S 
i  I 

9705 
31484 

Well  Hill  Station 
Norwood 

Windmill,  Kelson  Common 

l4  J 

|  Ketson  Common  Windmill  | 

26538 
33>»3 

Well  Hill 

Severndroog  Tower 
flagstaff  en  Hayes  Common 

56  39  0 
37  39  0 

|Fligttaff        .         .  | 

28273 
38664 

Trigonometrical  Survey.  7°5 

Norwood  from  Severndroog  Tower  31155  feet.    B:tween  the  triangles 


Nines  of  Stalioiil. 

Ob#crvtd 
inglc». 

Distance*. 

Norwood                  «  • 
Severndroog  Tower  —  -  —  - 
Hay  11  Common 

0     ,  * 

65  53  3° 
46  30  0 

|  Flagstaff        -           -  | 

Feet. 
30718 
38654* 

Norwood  - 
Hayes  Common 

Flagstaff  on  Addagto*  Common 

34  "  3° 
39  4'  0 

j  Flagstaff         -           -  | 

2039I 
1806S 

Well  Hill 

Norwood       -  • 
Cudbjm  Steeple 

56  11  40 
"  44  S 

jCudham         -           -  | 

20860 
48958 

Well  Hill  From  Otford  Mount  19*06  feet. 

O'ford  Mount 

Wcfl  Hill       -'       '-       "  - 
Knnckbolt  Beecbet,  East  End 

52  ii  0 

73  S8  0 

jKnockholt  Beeches       -  | 

22860 

1 8790 

Well  Hill 

Crayfoid  Steeple    -        "  •  ~ 
Dome  of*  Race  Home 

22  22  46 
41  17  10 

J  Race  House          -  | 

*7«59 

1607? 

Well  Hill               j-  - 
Norwood    -  ■ 
Windmill,  Bromley  Common 

70  25  40 
39  36  *4 

j  Windmill       -           -  j 

57560 

i8aj.c 

Well  Hill 

Severndroog  Tower 
Farnbomvgb  Station 

59    '  0 
13  58  0 

 1  — — 

|  Farnboiough         -  | 

11650 
4 1  \  "i  1 

Well  Hill      -        _2_  - 

Farnborougn  _ 
St.  Mary's  Cray  Stetple 

58  52  0 
79  3J  0 

jsu  Mary's  Cray        *  | 

•7*55 

I  SOIQ 

Well  Hill 
Norwood 
Ualstfid  SteepU 

79  42  26 
8  40  4 

jHalstcad^-     -           -  | 

8653 
56492 

Norwood  ... 
Severndroog  Tower 
Bromley  Steeple 

36  36  40 
32  52  JO 

|  Bromley         -  / 

22696 
24932 

Well  Hill  - 
Scverr  droog  Tower 
Bromley  Steeple 

32  29  0 

51  13  0 

|  Bromley          -           -  | 

36198 
22931* 

yo6 


The  Account  of  a 


Kamet  of  Slalioiu. 

Obiervcd 

jnglej. 

Well  Hill 
Bromley  - 
Hayes  Sletplc 

ait 
14  19  O 

S«  35  0 

{Hayes         -           -  } 

lee*. 
31069 

98OJ 

Bromley                 -  - 

Severndroog  Tower 
Lewitbam  Staple 

45  '*  0 

51  28  0 

I Lewisluun        -  ~  j 

19640 
I7846 

Severndroog  Tower  from  Chiselhurst  Steeple,  36778. 

Severndroog  Tower 

vlllMillunL  0 1  LE,  u  i  L 

New  Cms  Station 

100  42  0 
42  22  0 

|  New  Cross          -  { 

*35*9 
343°9 

Severndroog  Tower 

IlCW  v_  rois         —              -  " 

Eastcomhc  Point  Station 

38   0  0 
49  55  0 

[  Easteombe  Point        *  -J 

18014 
14496 

Severndroog  Tower 
Kastcombe  Point       •  - 
Woohnicb  Steeple 

49  39  0 
31  5S  0 

1  Woolwich       -           -  -J 
)  i 

9618 

13879 

Severndroog  Tower 

v-rdyioru                      ■  ■ 
Bexley  Steeple 

15    1  30 
57  4°  *° 

{Bexley       -  \ 
J  t 

23453 
7185 

Well  Hill 

Cray  ford  - 

Cbarlton  Farm 

61  48  O 

36  39  0 

|  Charlton        .           -  j 

««3S 
337'4- 

Crayford       -          -  - 
Charlton  Farm 
Darent  Steeple 

13  17  to 
28  14  0 

|  Darent        -  | 

»°374 

17026 

Ash  Steeple      -        ..  -  . 
Cray  ford       -         -  - 
Dartford  Brent  Mill 

12  $6  49 

30  32  18 

|  Dartford  Brent       -  j 

33636 
14830 

Crayford  - 
Stone  Steeple 
Dartford  Brent 

16  16  18 
31    0  0 

|  Stone         -         -  1 

21153 
8069 

Ash 

North  fleet  Steeple  - 
Hartley  Steeple 

15  4a  50 
4  56  10 

|  Hartley                   -  | 

7869 
*47S° 

Northflect 
Ash  - 
Ridley  Steeple 

8  40  40 
tot  4a  0 

|  Ridley         -           -  { 

33675 
$189 

Trigonometrical  Survey.  707 


Name*  of  Stdioni. 

Observed 
aoglei. 

Dutancet. 

Northfleet 
Graresend  Statioo" 
Soutbjieet  Steeple 

0  it 

90  IJ  30 

49  26  6 

^  South  fleet         -       -  i 

Feet. 
10290 

"3545 

Gadshill  - 
Shcppey  Isle 
Sbuttenden  Windmill 

28    8  54 
121  36  55 

|  Shot  ten  den  Mill        -  | 

119539 
66221 

Graresend  Station  - 
Gad'hiU  - 
CI  >f  Steeple 

40  46  7 
92  28  I 

1  e 
JCliff  1 

3°549 
19967 

Grave  send  Station  - 

Gadshill 

Hiirbam  Steeple 

35  48  >4 

7"  47  »S 

>  Higham         -           -  i 

14115 
*3489 

Graresend  Station 
Halstow  Station  - 
Gravesend  Steeple 

86  16  16 
4  18  19 

>  Gravesend         -  I 
f  I 

3373 
44747 

Gravesend  - 
Halstow  - 
Cbalk  S  let  pit 

25    «  43 
8  11  44 

)  Chalk         -          -  / 

11621 

34*7$ 

Gravtsend  - 
Gadshill 

I.mecr  Hope  Point,  Chimney  of 
tbe  Guard  R  >om 

59  11  4° 

72   5  57 

>  Lower  Hope  Point     -  i 

28287 
2  5577 

Graven:  nd        -          -  - 
Gadshill 

FLigstaJf,  Tilbury  Fort 

99  28  57 
15  26  18 

-\  r 

\  Tilbury  Fort         -  j 

6539 
24228 

Gadshill         -  - 

Sheppey       -  - 
Rainbum  Steeple 

28  52  26 
26  24  22 

^Rainham        -           •  i. 

38«4S 
4«S27 

Gadshill 

Halstow  - 
Swan  scorn  he  Spire  , 

128  37  56 
29  12  53 

)  f 
\  Swanscombe       -        -  < 

3°747 
58814 

Gadshill 
H-iHtow  - 
TVortbfleet  Steeple 

124  4j  26 

28  58  21 

|  Northfleet           -  j 

3>°34 
52658 

Halstow  ... 
Graresend          -  » 
Soutbjieet  Steeple 

4  37  23 
'59  S3  20 

|  Southfleet           «  < 

5773" 
»3S3+ 

The  Account  of  a 


Namei  of  Sutioat. 

Observed 
angle*. 

PfatinCtf« 

Gravesend 
Halstow  - 

Shorn  Mill 

nit 

38  36  JO 

»5  44  0 

1                               r  1 
l  Shorn  Mill    -          -  | 

Feet. 
•4947 
34435 

Sheppey  • 
Srockbury  • 
Gillingbam  Steeple 

39  iz  14 
79  3'  3 

j-  Gillingham       -         *  ^ 

.ft,  -  ,  a 

4°453 
3>*S7 

Sheppey      -         -  - 
Gillingham 

St.  James' s  Cburcb,  Isle  of  Grain 

63    7  $2 
*4  34  >7 

/* 

I  Sr.  James's  Church       -  J 

20164 
43*57 

Halstow  - 
Sheppey  - 
Git  ting  bam  Steeple 

73  4'  *» 
28    9  15 

j- Gillingham        -         -  i 

23822 
484S3' 

Gadshill 

Sheppey  ... 
Friendshury  Steeple 

»3  3$  *4 
4  >o  33 

\  r 

VFriendsbury         -  < 

11049 
60721 

Halsto*  - 

Sheppey  ... 
Cbimney  oftbe  Star  Inn 

73  39  6 
35  4$  47 

■\  r 
\  Star  Inn         -          -  i 

30617 
50270 

Halstow  - 

Sheppey  ... 
Higb  Staff  at  tbe  Upper  Bell  Inn 

83  11  56 
44  45  >3 

\  Bell  Inn         -            -  1 

47  5°° 
67466 

Sheppey       -         -  - 
Twinestead        -  ■ 
have  Steeple 

7S  »'  37 
50  40  20 

jHove        -           -  | 

S92I5 
473« 

Gadshill 

Sheppey  ... 
Upeburcb  Spire 

15  36  26 

-1  r 

lUpchorch         -          -  < 

44466 
3»395 

Gadshill 

Sheppey         -         -  - 
Bobbing  Spire 

21  ,9  45 
57  26  29 

)  „  , .  •  1 
>  Bobbing        •  < 

607  1Q 
26212 

Sheppey 

Halstow  - 

Flagstaff,  Sbeerness  Garrison 

46    5  47 
«3    7  45 

|  Flagstaff        -          -  | 

I3063 

4 '434 

Sheppey       •         -  « 
Frinstcad  - 
Hueking  Spire 

>7  '3  5« 
93  >8  *9 

|  Hueking        -  | 

5*7^5 
15656 

Trigonometrical  Survey. 


Name*  of  Stations. 

Obaenrtd 
Angle*. 

Bill  until 

Sheppcy  - 
East  Church  Station 
Htrnbill  Stt<ple 

o 

i  t 
29  17  6 
136  15  56 

>  Hernhill       -  i 

Feet. 
58430 

4«564 

East  Church  ... 
Sheppcy       -  - 
Milton  Steeple 

4+  10  17 
95  4*  « 

|  Milton  | 

j  j  j 
12696 

Sheppcy         -       -       -  - 
Milton  • 
Iwtde  Steeple 

36  56  30 
32  24  0 

V I  wade      -  < 

I2QOT 

'4S44 

Hernhill  • 

Frinjtcad          -  - 

Witcbting  Steeple 

7  28  0 
45   6  35 

1  Witchling    •               «  J 

5 1 579 
9461 

Hernhill 
Sheppcy  - 
Tenbam  Steeple 

25    1  0 

2J   Sl  16 

>  Tenham          »  j 

33833 
30336 

Ten  ham  - 
Sheppcy  - 
Biipcbild  Spire 

75  3«  0 
24  42  40 

1  T>  .I'll 

<  Bapchild    •  < 

29846 
12886 

Sheppey  - 

Hernhill          -          ■  • 
Sbeldwicb  Steeple 

21  32  42 

75    8  0 

>  Sheldwich     -  < 

$6869 
21581 

Sheldwich          -  - 
Sheppey       -          -  - 
Qveenborougb  Steeple 

4  4'  0 
126  20  44 

J  Queenborotigh          -  j" 

60719 
6156 

Hadlcigh  • 
Sheppey  - 
Minster  Steeple 

21   19  45 
II4  38  31 

>  Minster     >  < 

69035 
977' 

Halsrow  - 

Hadlcigh          -  - 

St.  Mary's  Steeple 

70    9  25 
It   54  16 

I  C»     Mim'i  J 

>  01.  m  j  ry  3    «              ■  < 

7°95 
32352 

Hernhill 

Sheppey      -       -      -  - 
Feversbam  Spire 

29  11  O 

9  39  « 

1  Fcversham    »  | 

15630 
44537 

Tenham  ... 

Hernhill 

Hartty  Steeple 

41  29  0 
36  36  0 

|Hartcy     -  »          -  | 

20617 
22006 

lfDCCC.  4  Y 


The  Account  of  a 


Names  of  Station*. 

Obiervcd 
Angles. 

DiiUncet. 

rlcrnnill  • 
East  Church  - 
Sea  Salter  Steeple 

9     1  * 
85     12  0 
22    1>  IO 

I  Sea  Salter      -  < 

Feet- 
1 703  1 

43580 

Tcnham       -      -       -  - 
Sheppey           •      -  - 
Wbitslablt  Steeple 

IOC     2  O 
48  28  58 

jwhitstable        -        -  j 

50935 
65697 

SECTION  FOURTH. 

Determination  of  the  Altitudes  of  the  Stations  above  the  Level  of 
the  Sea ;  and  the  mean  Refractions  deduced from  observed  Angles 
of  elevation  and  depression. 

Art.  xlu.  Elevations  and  Depressions. 


At  Trevose  Head. 
The  ground  at  Cadon  Barrow 

Bodmin  Down  - 

St.  Agnes       -  r 
Hensbarrow  - 

At  Bodmin  Down. 
The  ground  at  Carraton  Hill  .... 

Trevose  Head  -  -  - 

Cadon  Barrow    -  - 
Brown  Willy  ... 

Cadon  Barrow. 
The  ground  at  Trevose  Head  - 

Brown  Willy  ... 
The  horizon  of  the  tea  in  the  direction  of  Trerose  Head 
Ditto  in  the  direction  north  •  - 

St.  Stephen's  Down. 
The  ground  at  Black  Down  ... 
Carraton  Hill  - 
Brown  Willy  - 


elevated  3c/  24" 

tlev.  10  48 

depressed  6  39 

etev.  29  2 

elev.  27  49 

depr.  22  33 

elev.  16  o 

-  elev.  54  24 

depr.  36  49 

-  eltv.  36  3 
depr.  30  56 
depr.  31  12 


eltv.  25  21 
etev.  35  18 
elev.  42  9 


Se.Af"     "      .      •  ' 


Dundon  Beacon 
Aih  Beacon 


Dunity. 


Farley  Down 
Lansdown 


The  ground  at  Westbury 
Mendip 


cfc/r.  ao  4J 

tin.  $  9 
dtp.  to  I 


itfr.  S  44 
rftfr.    >  J9 


iltv.   S  S« 


Digitized  by  Vj< 
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Tbe  Account  of  a 


Dundon  Beacon. 


The  ground  at  Moor  Lynch 

Lugshorn  Corner 
Mendip 
Pilsden  - 


-  dtpr.  8   6'  8" 

depr.  3  56  13 

elev.  j8  18 

tlev.  8  38 


Moor  Lynch. 

The  ground  at  Greylock's  Foss-way      -  -  depr.  1  $9  14 

Lugshorn  Corner       -  depr.  3*  45 

Dundon  Beacon            •  tie*.  o  9 

Mendip          ....  elev.  23  1 1 

Pilsden    -----  elev.  9  2 

Ash  Beacon           ...  tlev.  6  57 


Greylock's  Foss-way. 

The  ground  at  Moor  Lynch      -        -         -         -  tlev.  1  53  56 

Dundon  Beacon      ...  elev.  34.  48 

Top  of  the  staff  (20  feet  high)  at  Greylock's  Fois-way   -  elev.  o  34 

Lvgsborn  Corner. 

The  ground  at  Moor  Lynch      ....  tlev.  27  21 

Dundon  Beacon       -         -  -  tlev.  I  20  58 

Top  of  the  staff  (20  feet  high)  at  the  west  end  of  the  base  depr.  1  9 

Beacon  Hill,  Amtsbury. 

The  ground  at  Westbury          ....  depr.  4  36 

Inkpin      -  elev.  6  22 

Inipin  Hill. 

The  ground  at  White  Horse  Hill      -            -  depr.  10  54 

Hjghdere       -  depr.  15  o 

Beacon  Hill,  Amesbury      -           -  18  24 

White  Horse  Hill. 

The  ground  at  Highclere      ....  depr.  7  39 

Nuffield               »■         S         -5  depr.  12  6 

Shotover  Hill   -  depr.  17  6 


Trigonometrical  Survey. 


Scutcbamfiy  Barren. 

The  ground  at  Wendover      ....  depr.  f  36* 

Whiteham  Hill      -         -         -  depr.  1 1  20 

At  Sbotovcr  Hill. 

The  ground  at  Scutchamfly  Barrow           -            •  tlev.  o  20 

Nuffield         -                               -      elev.  1  27 

Wendover            -         -         -  tltv.  2  58 

White  Horse  Hill                   -  tlev.  1  36 

Brill  oh  tbe  HilL 

The  ground  at  Nuffield         .                            -      dtpr.  4  48 

Wendover         r            *  tltv-  3  55 

Bow  Brickhill         -                      -  dtpr.  10  44 

Epwcll         -  depr.  6  57 

Stow      -                       .          -  depr.  7  6 

White  Hone  Hill                          ?  depr.  5  45 

Nuffield. 

The  ground  at  White  Horse  Hill          -      '."         «  depr.  4  45 

Top  of  the  Staff  at  Brill  on  the  Hill.  Staff  1 3$  feet  high  depr.  6  2 

Bagshot         -            -  <f^r.  6  43 

Highclere           -            -  depr.  4  12 
N.  B.  The  half  stage  belonging  to  the  Royal  Society  was  used  at  this  station. 

Wtndovtr. 

The  ground  at  Brill  on  the  Hill                            -  depr.  14  59 

Shotover  Hill       ;          -          -          -     depr.  17  21 

Bow  Brickhill           -23  depr.  17  28 

Stanmore          ....       depr.  19  57 

Srow  on  /£*  Wold. 

The  ground  at  Shotover      -  depr.  13  48 

White  Horse  Hill         -            -         -    depr.  7  30 

Broadway  Beacon     -                     -  elev.  1 1  29 

Brill  on  the  Hill         -         -            -     dtpr.  14  45 

Epwcll      ...           -  depr.  8  o 

Broadway  Beacon. 

The  ground  at  Stow      •         -                        .  depr.  19  a 

Epwell         -         -                        -    depr.  17  14 


Tbe  Account  of  a 


EpwtU. 

The  ground  (U  Stow                -         -            -  depr.  j'  $3* 

Arbury  Hill    -                     -  depr.  6  39 

Brill  on  the  Hill   -           -  dtpr.  11  51 

Corley       -             -             -  dtpr.  20  8 

Broadway  Beacon         -            -  dev.  8  31 

Arbury  Hill. 

The  ground  at  Epwell            -                      -  dtpr.  14  25 

Bow  BrickbtlL 

The  ground  at  Wendorer          -  tltv.  3  59 

Kinsworth     ~         •»         -  gltv.  $  35 

Brill  on  the  Hill         -                     -     dtpr.  5  28 

Kintwortb. 


The  ground  at  Brill  on  the  Hill 

depr. 

12  37 

Bow  Brickhill 

dtpr. 

17  25 

Arbury  Hill  - 

T 

dtpr. 

•3  44 

Staiunore 

dtpr. 

•7  4 

Lillyhoe 

depr. 

*3  44 

Bagtbot  Hcaib. 

The  ground  at  Nuffield  ... 

dev. 

1  a9 

Scan  more 

dtpr. 

7  *8 

Stanmort. 

The  ground  at  Bagshot  Heath 

depr. 

9  34 

Art.  xliii.  Heights  of  tbe  Stations. 

Ground  ibore  low  water 

SuiioM. 

Feet. 

Treyosc  Head         •  . 

m 

*74 

St.  Agnes  Beacon  ... 

• 

621 

Hensbarrow  ... 

1034 

Bodmin  Down  ... 

64s 

Black  Down  ... 

1 160 

St.  Stephen's  Down 

* 

605 

Bradley  Knoll  - 

973 

> 
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buionl. 

Ground  above  low  wil 

Tea. 

Mendip  ... 

999 

Westbury  Sown 

•  775 

Dundry       -            •  - 

79° 

Lansdown  - 

-  8.3 

Farley  Down 

700 

Moor  Lynch 

-  33° 

Dundon  Beacon        -            -  1 

360 

Lugshorn  Corner  * 

49 

Greylock's  Foss-way  • 

4* 

Ash  Beacon 

6ce 

Cadon  Barrow 

•  101  ■ 

Brown  Willy 

1368 

Inkpin  - 

10 1 1 

Nuffield 

-  757 

White  Horse  Hill 

893 

Shotovcr  Hill 

599 

Muzzle  Hill,  (Brill  station) 

-  744 

Whiteham  Hill 

576 

Wtn  lover,  ground  above 

-  9°5 

Bow  Brickhill 

683 

KJnsworth  - 

-  9°4 

Lillyhoe  - 

664 

Stow  on  the  Wold  * 

883 

Epwell  Hill 

-  836 

Broadway  Beacon 

»         ■         »  1086 

ArburyHUl 

-  804 

Art.  xliv.  Mean  Terrestrial  Refractions. 

Between 

Bodmin  Down  and  Cadon  Barrow 
Bradley  Knoll  and  Westbury  Down 
Maker  Heights  and  Black  Down 
Highclere  and  Inkpin 
St.  Agnes  Beacon  and  Trevose  Head 
Moor  Lynch  and  Lugshorn  Corner 
Hens  barrow  and  Trevose  Head 
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Wingreen  and  Bradley  Knoll      -  -  ^ 

Bodmin  Down  and  Trnrosc  Head      -  T'r 

Carraton  Hill  and  Black  Down       -  -  \\ 

Westbury  Down  and  Mendip  -/y 

Carraton  Hill  and  St.  Stephen's  Down  -  r*T 

Farley  Down  and  Mendip                  »  -  A 

Beacon  Hill  and  Westbury  Down       •  -  -rj 

Dundry  and  Farley  Down  -  •  *  •  xk 
Dundon  Beacon  and  Mendip 

Bradley  Knoll  and  Mendip          -  ^ 


Lansdown  and  Mendip  .... 

Moor  Lynch  and  Dundon  Beacon 

Dundry  and  Mendip       "          -          "          '  xt 

Weitbury  Down  and  Farley  Down       -          -  -  tt 

St.  Stephen's  Down  and  Black  Down      -          ~  iV 

Moor  Lynch  and  Dundon  Beacon       -          -  *  tt 

Dundon  and  Lugshorn  Corner      -         -         »  • 

Moor  Lynch  and  Greylock's  Foss-way          .  _  1 

Lugshorn  Corner  and  Greylock's  Foss-way       -  .  o 

Cadon  Barrow  and  horizon  of  the  sea  in  the  direction  of 

Trerose  Head       -         -         -                .  -  r'T 

Ditto  in  a  northern  direction      -          »         .  _L 

Brilf  and  Nuffield       ....  • 

Broadway  and  Stow        ...  "A 

Enwell  and  Broadway  ^ 

Highclere  and  White  Horse  Hill         -            -  ^ 

Nuffield  and  White  Horse  Hill          -         ;  .  ^ 

Nuffield  and  Bagshot       -  ^ 

Epwcll  and  Stow       -          »          .          »  » 

Brill  and  Stow  on  the  Wold       ...  jl 

Wcndover  and  Bow  Brick  hill       -  ■ 

tit 

Kmsworth  and  Bow  Brickhill                 •         .  J> 

Shotover  and  White  Horse  Hill       -          »  ^ 

Epwell  and  Brill  -  -  -  .  ^ 
Bow  Brickhill  and  Brill                         *  . 
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Art.  xl v.  Particulars  respecting  the  Altitudes  of  the  Stations. 

The  height  of  the  station  on  Trevose  Head,  above  the  surface 
of  the  sea  at  low  water,  was  determined  in  1797,  by  levelling. 
The  transit  instrument  was  used  for  the  purpose ;  and  there  is 
reason  to  believe  the  result,  274-^  ^eet*  13  within  a  very  few 
inches  of  the  truth. 

In  the  Philosophical  Transactions  for  1797,  p.  4,71 ,  the  height 
of  the  station  on  Maker  Heights  is  said  to  be  402  feet ;  this  was 
also  found  by  levelling.  The  altitude  of  St.  Agnes  Beacon,  deter- 
mined from  that  station,  is  599  feet ;  (see  the  same  volume  and 
page ;)  but,  if  the  calculation  be  made  from  the  base  of  alti- 
tude at  Trevose  Head,  the  height  of  that  station,  above  the  level 
of  the  sea,  will  be  62 1  feet,  which  gives  a  difference  of  22  feet. 
It  must  be  recollected,  however,  that  in  the  first  result,  the  com- 
putation was  carried  through  two  intermediate  stations,  which 
gave  three  arcs,  and  as  many  mean  refractions ;  and,  consider- 
ing the  extreme  variableness  to  which  refractions  are  liable,  we 
are  assuredly  not  to  consider  22  feet  deviation  from  the  truth 
as  a  large  quantity. 

Besides  St.  Agnes  Beacon,  the  altitudes  of  Cadon  Barrow, 
Brown  Willy,  Hensbarrow,  and  Bodmin  Down,  have  been  de- 
termined from  that  of  Trevose  Head.  Of  the  remaining  stations, 
some  are  derived  from  Maker  Heights,  others  from  Dunnose : 
most  of  them  are  mean  results,  that  is,  each  station  has  gene- 
rally been  found  two  ways ;  and,  as  it  will  serve  to  shew  what 
errors  proceed  from  irregularity  of  refraction,  and  imperfection 
of  observation,  I  shall  exhibit  a  few  particulars  in  relation  to 
them. 

moccc.  4  Z 
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Height  of  deduced  from  Feet. 

{Maker  Heights       ~     1169  Mem. 
1160 
Carraton  Hill    -      -  115s 

(Black  Down         -  609 
605 
Carraton  Hill       -  600 

{Bradley  Knoll       -  779 
775 
Beacon  Hill      -       -  771 

{Mendip  Hills         -  703 
700 
Westbury  Down    -  696 

r  Mendip  Hills      -      -  335 
Moor  Lynch         \  330 

I  Ash  Beacon  -  325 

{Dundon  Beacon       -  46 

Greylock's  Foss-way  59 

fHighclere      -       -  1014 

Inkpin  Beacon        \  10 11 

I  Beacon  Hill        -  1009 

{Bull  Barrow      -       -  653 
655 
Bradley  Knoll       -  657 


The  above  will  sufficiently  shew,  what  dependence  is  to  be 
placed  on  the  heights  deduced  from  observed  angles  of  eleva- 
tion or  depression ;  the  results  are,  indeed,  often  less  consistent, 
and  frequently  unsatisfactory;  but,  generally,  they  run  on  a 
parallel  with  these.  The  data  from  which  all  the  heights 
have  been  computed,  accompany  this  article. 

The  measurement  of  the  base  on  Sedgemoor,  shewed  a  fall  of 
about  7  feet,  from  Lugshorn  Corner  to  Greylock's  Foss-way  : 
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therefore,  supposing  that  fall  to  be  gradual  and  constant,  all  the 
way  from  the  latter  station  to  the  surface  of  the  sea  at  Bridge- 
water  Bay,  we  shall  get  24,  feet,  for  the  height  of  Lugshorn 
Corner  from  the  surface  of  the  sea.  The  altitude  of  this  sta- 
tion, deduced  from  that  of  Trevose  Head,  is  49  feet ;  and,  sub- 
tracting 3  feet  from  it,  (the  height  of  the  bank  on  which  the 
instrument  stood  above  the  moor,)  we  get  4,6  feet  for  the  height 
of  the  moor  at  Lugshorn  Comer,  above  the  level  of  the  sea  at 
Bridgewater  Bay.  But  this  height,  supposing  the  fail  regular,  is 
proved  to  be  24,  feet.  There  is,  therefore,  a  difference  of  23 
feet,  granting  the  whole  of  this  to  be  an  error  on  the  side  of  the 
survey :  but,  as  the  general  surface  of  the  moor  at  Bridgewater 
Bay  is  several  feet  above  the  surface  of  the  sea,  we  may  take  a 
moiety  of  24,  feet,  for  the  error  of  the  computed  height  of  the 
station  at  Lugshorn  Corner. 


Art.  xlvi.  Matters  relating  to  Refraction. 

The  refractions  contained  in  this  account,  like  those  in  our 
former  Papers,  tend  to  prove,  that  when  rays  of  light  pass  hori- 
zontally, and  considerably  distant  from  the  surface  of  the  earth, 
they  are  less  bent  or  refracted  from  their  rectilinear  courses, 
than  theory  and  opinion  have  laid  down  as  fact.  It  is  very  cer- 
tain, however,  that  objection  lies  against  particular  conclusions 
drawn  from  such  data  as  we  possess ;  because  the  angles  of 
elevation  and  depression  of  corresponding  stations  are  observed 
at  different  times,  and  almost  always,  therefore,  under  different 
circumstances  ;  but,  with  the  experience  and  continual  practice 
of  thus  obtaining  means  of  computing  these  refractions,  although 
we  may  not  be  able  to  determine  the  refracting  power  of  the 
air  under  given  circumstances,  yet,  as  the  causes  which  render 
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it  variable,  are  as  likely  to  predominate  when  the  angles  of  de- 
pression or  elevation  are  observed  from  low  stations  as  when 
observed  from  high  ones,  we  may  be  enabled  to  make  some 


When  the  instrument  formerly  made  use  of  by  General  Roy 
was  intrusted  to  my  care,  I  possessed  the  means  of  deter- 
mining, in  a  more  accurate  manner  than  had  yet  been  done, 
the  refractive  power  of  the  air  near  the  horizon.  To  devote 
much  time  to  it,  has  not,  as  yet,  been  in  my  power ;  because  a 
more  rapid  extension  of  the  survey  was  an  object  of  greater 

•  As  many  instances  of  strong  atmospherical  refraction  have  been  related,  and  inge- 
niously accounted  for,  in  some  of  the  late  publications  of  the  Royal  Society,  I  think  it 
right  to  mention,  by  way  of  note,  a  wry  extraordinary  instance  of  its  variability. 

In  the  month  of  June,  1795.  when  the  instrument  and  party  were  stationed  at 
Pilsden  Hill,  in  Dorsetshire,  on  a  particular  day,  at  about  the  hour  of  four,  I  em 
ployed  myself  in  observing  the  angles  of  depression  or  elevation  of  the  surrounding 
hills.  After  I  had  done  all  that  was  necessary  in  this  matter,  I  turned  the  telescope  to 
Glastonbury  Tor,  and  observed  the  depression  of  it.  The  air  was  so  unusually  dear, 
that,  desirous  of  proving  to  a  gentleman  then  with  me  in  the  observatory  tent,  the 
excellence  of  the  telescope,  I  desired  him  to  apply  his  eye  to  it :  this  he  did,  and,  agree- 
ably to  a  desire  he  expressed,  1  again  took  the  depression  of  the  upper  part  of  the  old 
building,  which  1  was  enabled  to  do  with  great  accuracy,  and  found  it  a'  different  ; 
the  first  being  30' ,0',  and  the  last  30',!'.  The  unusual  distinctness  of  this  object,  led 
me  to  keep  my  eye  a  long  time  at  the  telescope  ;  and,  whilst  my  attention  was  engaged* 
I  perceived  the  top  of  the  building  gradually  rife  above  the  micrometer  wire,  and  so 
continue  to  do,  till  it  was  elevated  10', 4,*  above  its  first  apparent  situation  ;  it  then 
remained  stationary,  and  at  night  drew  on,  the  object  became  indistinct.  The  follow- 
ing evening,  I  observed  the  depression  again,  and  found  it  2^,50'.  To  what  cause  this 
extraordinary  change  in  the  refraction  could  be  owing,  I  am  at  a  loss  to  conjecture. 
The  former  part  of  the  day  had  been  warm,  with  little  wind,  and  cloudy.  The  thermo- 
meter, at  the  time  of  observation,  was  65°,  and  continued  stationary  for  a  considerable 
time.  The  sky  was  cloudy,  but  yet,  as  I  have  before  observed,  the  air  was  remarkably 
clear.  The  top  of  Glastonbury  Tor,  I  suppose,  is  about  200  feet  from  the  surface  of 
Sedgcmoor,  over  a  considerable  tract  of  which,  the  line  joining  Pilsden  with  that  object 
passes.  The  gentleman  of  whom  I  speak,  as  being  with  me  in  the  tent,  was  Captain 
Da  act,  of  the  Royal  Engineers,  who,  no  doubt,  well  remembers  the  circumstance. 
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importance.  I  did  not,  however,  lose  any  opportunity  which  the 
subsequent  season  offered;  the  first  was,  when  the  instruments  were 
at  White  Horse  Hill  and  Whiteham  Hill ;  the  second,  when  one  was 
stationed  at  Brill  and  the  other  at  Arbury  Hill ;  and  the  third  op- 
portunity offered  itself,  when  one  party  was  stationed  at  the  latter 
place  and  the  other  at  Wendover. 

On  these  occasions,  the  instructions  which  I  communicated  to 
Mr.  Woolcot,  and  by  which  I  governed  myself,  were  to  observe 
the  elevation  or  depression  of  the  corresponding  station  at  the  expi- 
ration of  every  hour,  beginning  at  six  A.  M.  and  to  have  the  watch 
well  regulated  from  observed  altitudes  of  the  sun's  limb.  I  requested 
him  also  to  be  very  minute  in  entering  on  his  book  the  state  of  the 
weather;  to  keep  the  instrument  properly  sheltered  from  the  wind ; 
to  be  always  cautious  to  adjust  his  level ;  and  also  to  insert  the  state 
of  the  air,  as  to  temperature  and  density,  by  noting  the  thermometer 
and  barometer. 

During  the  time  we  were  at  the  two  first  stations,  White  Horse 
and  Whiteham  Hills,  there  was  only  one  day  when  the  air  was  suf- 
ficiently clear  for  the  purpose ;  this  was  the  6*th  of  June.  On  that 
day,  the  following  observations  were  made  at  the  same  time  as  shewn 
by  signal. 

Wbiteham  Hill.   June  6tb,  1799. 


Houn. 

Wli  Hor<f  lUnomt. 

Thermo- 

Elcvued. 

Mr. 

meter. 

4  '4 

!n.  pli 

Degreev 
60,3 

3 

*9'73° 

4 

iH 

J972  + 

62.5 

i 

6  14 

sV 

6  10 

*V>73* 

$8.5 

7 

6  11 

29,728 

57»5 

8 

6  ai 

29.7.12 

57 

•  9 

5  37 

*9>736 

$5.7 

•10 

5  39 

*9»74° 

S5.5 

Remark*. 


Light  airt  at  SW. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 


Sun  not  shining;  remarkably  clear. 


Ditto 
Ditto 
Ditto 
Ditto 


ditto, 
ditto, 
ditto, 
ditto. 


Very  calm,  and  cloudy,  but  clear. 

Ditto.  Lamp  at  Sbotover  very  bright.  Dew  falling. 
Ditto.  Ditto. 
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White  Horse  Hill.   June  6tb. 


Hoi-Ti 

White  him  H. 

Barome- 

Thermo- 

Depreued. 

ter. 

meter. 

i  • 

lo.  pU. 

Degree*. 

3 

]8  21 

29412 

S7.7 

4 

18  16 

29,408 

59-5 

I 

18  24 

29,410 

57»6 

18  20 

29,412 

5S-S 

18  25 

29,412 

55- S 

I 

tS  15 

*9.+38 

$4.* 

M 

18  10 

*9.43« 

53*4 

18  25 

*9.43»i  S3.»  1 

Remirlu. 


Light  airs  at  SW.  Sun  not  shining ;  very  clear. 

Ditto.  Ditto  ditto. 

Ditto.  Sun  shining  a  little ;  not  so  clear. 
More  wind.   Sun  not  shining,  and  darker. 
Calm  and  cloudy. 

Quite  calm,  anil  a  little  dew  falling. 

Ditto.  Fine  night.  Lamp  at  Whitehall)  very  distinct. 
Ditto,  but  lamp  rather  indistinct* 


Similar  observations  were  also  made  when  the  instruments  were  at 
Brill  and  Arbury  Hill :  they  were  as  follows. 

Arbury  Hill.   July  \\tb>  1799.  "Watch  regulated 


Brill. 
Depreued 

oleome- 
ter. 

Thermo- 
meter. 

1  * 

In.  ]>t». 

Degree  \. 

9  A.M. 

II  1$ 

29,180 

65  ,s 

10 

II  IJ 

29,200- 

70  ,0 

1 1 

"  'I 

29,200 

70  .7 

IS 

1 1  6 

29,199 

70  ,2 

3  P.M. 

1 1  6 

29,162 

68  ,0 

4 

10  5 

29,168 

I*  'S 

'  9 

10  30 

29,132 

63  ,o 

Kemirb, 


;ht  airs  at  SW.  Cloudy,  but  sun  shining  now  and  then. 
Ditto.  Cloudy. 
Ditto.  Ditto. 
Ditto.  Ditto. 
Ditto.  Ditto.   Very  dear. 

Ditto.  Sun  shining  a  little,  yet  free  from  any  tremor. 

Ditto.  Lamp  at  Brill  perfectly  distinct. 


Brill  on  tbe  Hill.   July  ntb,  1 799.   Watch  regulated. 


Hour*. 

Arbury  H 
DcptcMcd. 

Birome 
let. 

Thermo- 
meter. 

Renurks. 

9  A.M. 
10 
11 
IS 

jPM. 
4 
•  9 

•  « 

8  40 

8  36 
8  36 
8  36 
8  36 
8  46 
8  48 

In.  pt*- 
29,10c 
29,21c 
29,210 
19,21c 
29,21c 
29,2,-C 

29,20^ 

Degreei. 
6l  ,0 

<>7  '$ 

67  ,5 
6c  ,0 
71  ,0 

61,7s 

Light  airs  at  SW.  Appearances  of  rain  from  SW.  Cloudy. 

Ditto.  Clearer,  but  cloudy.  Arbury  Hill  very  distinct. 

Ditto.    More  cloudy  and  equally  clear.  [round. 
The  tir  remarkably  clear  and  free  from  tremor.   Cloudy  all 

Ditto                            ditto.    More  cloudy. 

Ditto                           ditto.   Not  so  cloudy. 
The  lamp  at  Arbury  H.  very  bright.  Avery  fine  quiet  night. 

5M; 


|t>4j-  5J-»1 

,,,  Biff- 


|  Jj,   r£»  prto. 


12  17 


»8,74d  64  .1  I 
I  *8,74o|  6 


fVendover.   Jufy  *?tb.  17.Q3-  Watch  regulated^ 


ArVury  H 


A.M. 


B*r 'Mat- 
ter* 


16  11 

l6  12 

-4  44 


Thermo 

■lifter. 


In.  r> 

29.030 
29,03  J 


Degree. 
S3  .» 

53  * 


-9-030  54  5 
»9,»<»|S4  »° 


Wind  a,  SW.  rather  fre.-.  aDd  *  "*  *" 

L'ulewind.   Dew  hlluiK  wiy  f««-  uu 


7 

when  the  uart  es  were  on  Broadway  Beacon  «.«  1 
Jhem  last,  touse  I  think  them  inferior  to  the  others 

EtwelLJune  *6tb,  i799-  Wajchreg^  


11 


tlcv.ted. 


o  6 

6  8 


Birome-TT.eTmo- 


 1 

In.  pu.  Deerce* 

29.100I  60.5 

29,10*  63.2 


Very  cahn,  *no  cicuu,  miutw- 
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To  determine  the  refractions  on  the  first  arc,  White  Horse 
and  Whiteham  Hills,  we  have  the  distance  between  those  stations 
sa  88662,2  feet,  which  subtends  an  arc  of  14'  32"  nearly. 

To  determine  those  on  the  second,  we  have  the  distance  be- 
tween Brill  and  Arbury  Hill  =  14,6530  feet,  subtending  an 
arc  of  24'3",o/:  those  on  the  third,  Wendover  and  Arbury  Hill, 
210628  feet  =34' 35";  and,  for  finding  the  refractions  from 
the  two  last  tables,  we  have  the  distance  from  Broadway  Bea- 
con to  Epwell  sss  80611,4  feet,  which  subtends  an  arc  of 
13'  11"  nearly. 

The  depressions  and  elevations  were  all  taken  to  the  ground, 
excepting  those  which  are  marked  with  asterisks.  At  White 
Horse  Hill  and  Whiteham  Hill,  lamps  were  used  at  the  hours  of 
9  and  10  :  they  were  also  made  use  of  at  Arbury  Hill  and 
Brill  at  9  o'clock.  In  the  first  instances,  the  lamps  were  placed 
(the  centres  of  them)  i£  feet  from  the  bottoms  of  the  respec- 
tive instruments ;  and  in  the  last  a£  feet. 

The  height  of  the  transit  telescope  above  the  ground  was  always 
5£  feet ;  therefore,  an  allowance  must  be  made,  at  each  station, 
for  the  angle  which  that  space  subtends  at  its  corresponding  one ; 
this  premised,  the  refraction  will  be  found  from  one  of  the  two 
following  rules,  viz.  if  A  be  the  contained  arc,  and  D  d  the  ob- 
served depressions,  the  quantity  answering  to  the  refraction,  R, 
will  be  expressed  by  A~^~  d-  or>  jf  one  Qf  the  angles  should 

be  an  elevation,  e,  then  R  =  A  +  *~*  :  these  rules  give  the 
refractions  in  the  following  table. 


L  -th,  distance  hoBd** 

vsHjns  and  e>eraoof»  ^ 

the?  *  ert  also  made  ^ 
ri<i.  I„  the  *^ZZi*t 

t,;  and  in  the  last  •.^oa**1* 
.  .thctransittelcscopea 


<  s 

3 

•e 
< 


'tT 
CQ 


i 


h 


"2 


400  00 
5  »  « 


IH3 


I 


2 


a 


2  I 


E 

I 


■ 


3    pS      0<      W      Ci      *1     ^  * 

°-  di  6i  aj  o>  qi  £i  cj> 


s  s 

<  A) 

ft  O    h    «    *)   +  3) 

-a-  S  S  6  0  (b  *S 

,oo  -J  oo"  »>       <o  f  ^ 


God 


726  The  Account  of  a 

On  examining  the  refractions  obtained  on  the  first  arc,  we 
perceive  them  to  have  been  tolerably  regular  from  3  o'clock 
till  8 ;  the  mean  being  part  of  the  contained  arc.  The 
height  of  Whiteham  Hill  is  576  feet,  and  that  of  White  Horse 
Hill  893  feet,  above  the  level  of  the  sea  :  the  ray  passes,  there- 
fore, through  a  tract  of  air  considerably  elevated,  as  the  country 
between  the  stations  is,  for  the  most  part,  flat  and  low. 

The  air  is  not  often  clear  enough,  or  sufficiently  free  from  tre- 
mulous motions,  for  these  delicate  observations.  On  the  present 
occasion,  however,  the  state  of  it  was  highly  fit  for  the  purpose ; 
and,  as  care  was  taken,  I  am  of  opinion  an  error  of  more  than 
3",  taking  that  of  the  arch  of  altitude  into  the  account,  cannot 
have  obtained  in  any  of  the  angles.    The  refractions  at  9 
and  10  o'clock  are  less  than  at  the  preceding  hours;  but 
this  does  not  appear  to  have  been  owing  to  any  change  in  the 
refractive  power  of  the  air  throughout  the  whole  extent  of  the 
ray,  because  the  depression  of  Whiteham  Hill,  from  the  other 
station,  varied  little  at  those  hours.  These  changes  in  the  ob- 
served angles  of  elevation  at  Whiteham,  (44"  and  42"  being  the 
differences,)  without  corresponding  ones  at  White  Horse  Hill, 
prove  that  somepartiul  alteration,  from  floating  strata,  had  taken 
place  in  the  refraction  near  the  former  station.   Whoever  con- 
siders the  matter,  must  perceive  a  case  may  be  constructed  in 
which  this  will  take  place,  causing  a  great  variation  in  one  of 
the  angles,  whilst  the  other  apparently  remains  the  same :  and 
this  suggested  the  idea,  that  to  afford  any  accurate  conclusions 
in  this  way,  a  long  series  of  observations  would  be  necessary. 
It  furthermore  appears,  that  dew  could  not  have  caused  these 
differences  at  Whiteham  Hill,  since  the  same  cause  would 
equally  operate  to  vary  the  observed  angles  at  White  Horse 
Hill ;  but  those  remained  nearly  the  same. 
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as,  deduced  from  these  extemporary  aDser™^  « 
certainly  inconclusive.  The  mean  refraction,  (n^kcung  the 
fourth  arc)  brought  under  one  point  of  view,  will  be  as 
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38,8 


57.8 
67,8 
58,1 


1  White  Horse  Hill  and  Whiteharn 

2.  Arbury  H.  and  Brill,  5  firs*  ^racs- 

3.  Arbury  Hill  and  Wendovcr  - 

If  the  air  had  been  in  a  quiescent  state,  previous  to  and  also 
at  the  times  when  these  observations  were  made,  it  might  be 
expected  that  the  differences  of  altitudes  in  the stations  worfd 
be  obtained,  tolerably  near  the  truth,  barometncally.  The  1*- 
marks  in  the  tables  appertaining  to  the  first 
shew  that  such  opportunities  offered ;  but  those  wh,  h  £  o  ng  o 
the  third,  prove  the  wind  to  have  been  fresh ;  and  as  the  space 
' :  uuv>  ™titiite.  the  extremities  of  that 
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as  from  the  heights  of  the  mercury  in  the  barometer,  will  be  as 
follows. 


Arcs. 

Obs.  Aug. 

Barom.  DHF. 

1 

282  35 

2 

6o 

15  45 

"  The  little  done  on  this  subject,  points  out  the  necessity  of 
doing  more;  it  therefore  remains  with  me  to  observe,  that  I 
shall  lose  no  opportunity  of  employing  the  apparatus  committed 
to  my  charge  in  the  best  and  most  diligent  manner,  both  as 
relating  to  matters  of  refraction,  and  to  all  others  connected  with 
the  Trigonometrical  Survey. 


In  the  Introduction,  page  540.  it  is  stated  that  this  Account  would  be  comprized  in 
three  Sections,  but  it  was  afterwards  thought  more  convenient  to  divide  it  into  four. 

In  Page  583,  line  penult,  dele  and  Priitlewell. 
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